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PREFACE. 


In the composition of the following Lectures, the aim of the 
Author has been to steer between a too familiar and a tov 
scientific treatment of his subject—to build as it were an in- 
termediate stepping stone between the “handbooks” and 
“alphabets” of Chemistry, and the Treatises, Manuals, and 
Systems of the Professors:—Such a work appeared to be 
wanting, and it is for the Public to judge how far it is here 
supplied. The bearings of Chemistry on AoricuLrure are 
now so acknowledged, and the interest naturally attached 
thereto, is so rapidly increasing, that the original design of 
the 12th Lecture has been somewhat altered, in order to give 
a view (necessarily a very condensed one,) of the present state 
of this important subject. A large folded Table, giving a 
general view of the metals, has also been added, and as great 
pains have been taken to muke it correct, it is confidently 
hoped, that it will be found to add most materially to the use- 
fulness of the work. 

‘The Author acknowledges the great assistance he has de- 
rived from the works of Graham, Kane, Turner, Brande, 
Thomson, Henry, Daniell, Mitscherlich, Rose, and in the com- 
position of the 12th Lecture, from the admirable Essays of 
Liebig, and the no less important “Lectures ou Agricultural 
Chemistry and Geology" of Johnston. 
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LECTURE FIRST. 


HISTORICAL SKETCH—ALCHYMY AND THE ALOMYMISTS— 
HERMES TRISMEGISTUS—GERER—ROGER BACON—RAYMOND 
LULLY—-VAN IELMONT—ACCOUNT OF A TRANSMUTATION, 
FROM THE RIOLIOTHRCA CHEMICA CURIOSA—BASIL VALEN= 
TINE—FrARACELSUS—TYCHO BRANE—GLAUBER—ESTA- 
DLISUMENT OF THE ROYAL sOoIRTY—nOYLE—HOOKE— 
FALL OF ALCAYMY—BECCHER—STABL—MAYOW—ItA LBS— 
BHOKLMAAVE—WLACK—PRIRSTLEY—BERGM AN—SCHEELE— 
CAVENDISH—LAVOISIER—GUYTON MORVEAU—FOU RCROY— 
CHAPTAL—DAVY—WOLLASTON. 


In introducing to the Public a Series of Lectures on a sub- 
ject of such universal importance as that of Chemistry, a brief 
sketch of its history, rise, and progress will undoubtedly be 
expected; no apology is therefore offered for devoting an entire 
Lecture to this Introduction, 

Independent of the interest and amusement which, it is 
hoped, will be exeited by the account of the very different 
aspects assumed by the science at different periods during its 
advance, and the absurd notions entertained by those who 
pursued it with the avaricious views peculiar to the alchymists, 
it will donbtless be remarked how greatly the cautious and truly 
philosophical style of investigation recommended by Bacon, 
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has contributed in these latter times to its advancement ;— 
how splendidly in fact, the Science of Chemistry as it now ap- 
pears, illustrates the value of the Baconian system of inductive 
reasoning. 

Before the time of Bacon, previous to the publication of his 
celebrated Novum Organum, natural science could hardly be 
said to have existed, and it is wonderful to observe in the 
writings of the Greek philosophers, amongst whom were men 
of the most surpassing talents, the acuteness, subtlety, and 
success, which characterized their abstract disputations on the 
one hand, and their careless and illogical deductions, derived 
from a loose consideration of external nature, on the other. 

An explanation of this apparent anomaly may probably be 
found, in the notions which they entertained with regard to 
the ground which ought to be taken by a true philosopher; a 
patient enquiry into facts, they considered to be beneath their 
dignity; their radical errors, observes Herschel, was to imagine 
that the same method which proved so eminently successful in 
mathematical, would be equally so in physical enquiries, and 
that by setting out from a few and almost self-evident notions 
or axioms, every thing could be reasoned out; they were ac- 
cordingly constantly straining their inventions to discover those 
principles which were to prove so pregnant. 

The superior intelligence of Aristotle, made him take a lower 
standard, and compelled him to allow the necessity of appeal- 
ing to nature, for principles of physical science, and accordingly 
he stood in his age without an equal. His works, in that 
gloomy period which dates the carly ages of the Church, were 
condemned as allowing too much to reason and sense ; they 
were, at a subsequent period as eagerly studied ; his dogmas 
were considered infallible, and the persecutions which Galileo* 
underwent for attacking them, although his refutations were 


* See a very interesting and elegant little work recently published by Sir David 
Brewster, entitled “‘ The Martyrs of Science,”” or the lives of Galileo, Tycho Brahe, 
and Kepler. 
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backed by the most convincing evidence, and by appeals to 
common sense, is notorious as a matter of history. 

Francis Bacon, Lord Verulam, one of the most remarkable 
men of whom any age can boast, performed the distinguished 
task of reforming this system of philosophy. This he effected, 
by pointing out where the weakness of the Aristotelian philo- 
sophy lay, and by substituting for it a stronger and better, 
based on the observation of nature. 

This great man was born in 1561, and history informs us 
that he wrote against Aristotle, before he had completed his 
sixteenth year. All his studics appear to have aimed at the 
reform in the system of human knowledge. He examined the 
whole circle of the sciences; investigated their relations, and 
attempted to arrange them according to the different faculties 
of the human mind to which each belongs: here he perceived 
he was in want of a well founded and natural division of the 
powers of the mind; this he explains in his Instauratio Magna. 
He further became convinced, that in all branches of natural 
science, observation of nature is most essentially requisite, and 
he illustrates in several places how this observation is to be 
directed, and how nature is to be examined. 

‘The effect which the writings of Bacon produced amongst 
the literati of his day was immense, as was also the impulse 
given Co science, and as a natural consequence, attention being 
directed in the right manner, discoveries multiplied, and fresh 
treasures were continually turned up, from the hitherto un- 
broken soil of nature: facts multiplied, laws and generaliza- 
tions commenced, and as an elegant writer has remarked, 
“so rapid was the career of discovery, so signal the triumph of 
the inductive philosophy, that a single generation, and the 
efforts of a single mind, sufficed for the establishment of the 
system of the universe, on a basis never after to be shaken.” 

Although then, chemistry as a science, cannot be dated at an 
curlier period, than the beginning of the seventeenth century, 
T may, perhaps, without pee tedious, advert briefly to the 

re 
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writings of the carlicr alchymists, the oldest of which singular 
class of students, appears to have been Hermes Trismegistus, 
who is said to have lived in the year of the world 2076; the 
works generally attributed to him, are, however, supposed by 
persons qualified to form a judgment, to be entirely spurious, 
belonging to a much later period; they all refer to the attempts 
at the transmutation of the base metals into gold, and various 
matters relating to the Philosophers’ stone, by means of which, 
“through the permission of the Omnipotent, the greatest disease 
is cured, and sorrow, distress, and evil, and every hurtful thing 
evaded: by help of which we pass from darkness to light; 
from a desert and wilderness, to a habitation and home, and 
from straitness and necessities to a large and ample estate.” 
Hermes was an Egyptian, and from him chemistry and alchymy 
came to be called the Hermetic art. 

From the Egyptians, the Grecians derived thcir fondness for 
magic and alchymy; the Grecians again initiated the Romans, 
and when true science was persecuted under the Roman ty- 
rants, superstition and false philosophy flourished more. The 
prodigality of the Romanus, causing a scarcity of gold, occa- 
sioned that study, which held out the prospect of obtaining it 
instantaneously and abundantly, to be eagerly pursued. Cali- 
gula, we are told, made experiments with a view of obtaining 
gold from orpiment, while on the other hand Diocletian con- 
demned the pursuit, and ordered all the books treating on 
alchymy to be burned. 

Ata later period the subject was taken up by the Arabians, 
amongst whom the sccond name renowned in alchymy flou- 
rished, Geber, who lived in the seventh or eighth century, the 
exact period being unknown. 

His three books on alchymy, which are among the oldest 
chemical treatises in existence, were published in Strasburgh 
in 1520, and are considered by Boerhaave, if genuine, to indi- 
cate the Author’s right to be numbered amongst the first-rate 


an of his age. 
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The works ascribed to Geber are more intelligible than those 
of other ulchymistical writers, though the same metaphorical 
expressions which obscure the writings of that period, are to 
be found in his; for instance, in speaking of the transmuta- 
tion of the base metals into gold, he says, “ bring me the six 
lepers that I may cleanse them,” meaning silver, mercury, cop- 
per, iron, tin, and lead, which, with gold, were the only metals 
known at that time. It is supposed by Dr. Johnson, that the 
word Gibberish, or Geberish, was originally applied to the lan= 
guage of Geber and his followers. 

Prominent among the alchymists of the thirteenth century, 
stands the name of our countryman Roger Bacon, who waa 
born near IIchester, in the county of Somerset, in the year 
1214, He was a monk of the Franciscan order, and his works, 
unintelligible to his less acute fraternity, and supposed by them 
to be the offspring of witchcraft, drew down upon him their 
hatred and jealousy, and a persecution so inveterate, that he 
narrowly escaped falling a sacrifice to their ignorance, and 
superstition, at the stake. 

The celebrated work of Roger Bacon, is his Opus Majus, in 
which a strong resemblance to the writings of his great suc- 
cessor Chancellor Bacon, is to be discovered; his expressions 
ure perspicuons and comprehensive, and betoken a rare and 
unclouded intellect. He is very plausibly considered to be the 
inventor of gunpowder, though the discovery has also been 
given to Bartholomew Schwartz, a German monk, and the 
date of 1320 annexed to it. 

‘One of the most famous alchymists of the thirteenth century 
was Raymond Lully, of Majorca, who was born in 1206, and 
died in 1315. A story is wold of him, that during his stay in 
London, he changed for King Edward Ist, a mass of 50,000Ibs. 
of quicksilver into gold, of which the first rose nobles were 
coined. 

As unsuccessful experiments multiplied, so in proportion was 
the degree of faith placed in pom shaken ; but the follow- 
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ing extract from a work published by Dr. Salmon in 1692, will 
serve to show with what ardour the believers in transmutation: 
pursued their investigations, and how little they were dis- 
heartened by their innumerable failures. 

As to the great and philosophic work,” (meaning transmu- 
tation,) “it is my opinion and belief that there is such a thing 
in nature; I know the matter of fact to be trac, though the 
way and manner of doing it is as yet hid from me. I have 
been an eye witness of so much as is able to convince any man 
endued with rational faculties, that there is # possibility of the 
transmutation of metals: yet for all these things will not advise 
any man, ignorant of the power of nature, and the way of 
operation, to attempt the work, lest, erring in the foundation, 
he should suffer loss and blame me. Without doubt it is a 
gift of God from above, and he that attains it must patiently 
await the moving of the waters; when the destined angel 
moves the waters of the pool, then is the time to immerge 
the leprous metal, and cleanse it from all impurities” 

Again, Van Helmont says, * 1 am constrained to believe im 
the making of gold and silver, though | know many exquisite 
chemists to have cousumed their own and other men’s goods 
in search of this mystery: and to this day we sce these worthy 
and simple labourers, cunningly deluded by a diabolical crew 
of gold and silver sucking flies and leeches. But 1 know that 
many will contradict this truth; one says it is the work of the 
Devil, and another that the sauce is dearer than the meat.” 

In the preface to the Bibliotheca Chemica Curiosa, the fol- 
lowing history of # transmutation, is given by Mangetus, on 
the authority of M. Gros, a clergyman of Geneva; with it T 
shall conclude this short sketch of alchymistical absurdity, 
and pass on to a notice of some of their far more philoso- 
phical contemporaries. 

About the year 1650, an unknown Italian came to Geneva, 
and took lodgings at the sign of the Green Cross. After 
remaining there a day or two, he requested De Luc, the land- 
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lord, to procure him « man acquainted with Ftalian, to accom 
pany him through the town, and point out those things which 
deserved to be examined. De Luc was acquainted with M. 
Gros, at that time about twenty years of age, and a student in 
Geneva, and knowing his proficiency in the Italian Ianguage, 
requested hin to accompany the stranger. ‘To this proposi- 
tion he willingly acceded, and attended the Italian everywhere 
for the space of a fortnight. The stranger now begun to com- 
plain of want of money, which alarmed M, Gros not a little, 
for at that time he was very poor, and he became apprehensive, 
from the tenour of the stranger’s conversation, that he in- 
tended to ask the loan of money from him. But instead of 
this, the Italian asked him if he was acquainted with any 
goldsmith whose bellows and other utensils they might be 
permitted to use, and who would not refuse to supply them 
with the different articles requisite for a particular process 
which he wanted to perform. M. Gros named a M, Bureau, 
to whom the Italian immediately repaired. He readily far- 
nished crucibles, pure tin, and quicksilver, and the other drags 
required by the Italian. ‘The goldsmith left his workshop that 
the Italian might be under less restraint, leaving M. Gros with 
one of his own workmen as an attendant. The Italian put a 
quantity of tin into one cracible and a quantity of quicksilver 
into another. The tin was melted in the fire and the mercury 
heated, It was then poured into the melted tin, and at the 
same time a red powder enclosed in wax was projected into 
the amalgam. An agitation took place and a great deal of 
smoke was exhaled from the crucible, but this speedily subsi- 
ded, and the whole being poured out formed six heavy ingots 
having the colour of gold. The goldsmith was called in and 
requested by the Italian to make a rigid examination of the 
smallest of the ingots. The goldsmith not content with the 
touchstone und the application of aquafortis, exposed the metal 
on the cupel with lead and fused it with antimony, but it sus- 
tained no loss, He found it possessed of the ductility and 





a | 


specific gravity of gold; and full of admiration, he exclaimed, 
that he had never worked before upon gold so perfectly pure, 
‘The Italian made him a present of the smallest ingot as a re- 
compense, and then, accompanied by M. Gros, he repaired to. 
the mint, where he received from M, Bacuet, the mint-master, 
n quantity of Spanish coin, equal in weight to the ingots which 
he had brought. 

To M. Gros he made a present of twenty pieces on secount 
of the attention that he had paid him: and after paying his 
bill at the inn, he added fifteen picces more to serve to enter- 
tain M. Gros, and M. Bureau for some days, and in the mean« 
time he ordered @ supper, that he might on his return have 
the pleasure of supping with these two gentlemen, He went 
out but never returned, leaving behind him the greatest regret 
and admiration. It is needless to add that M. Gros, and M. 
Bureau continued to enjoy themselves at the inn, till the fifteen 
pieces which the stranger had left were exhausted.” 

We are not informed of the exact weights of the tin and 
quicksilver employed in this wonderful transmutation, but from 
their forming six heavy ingots of gold,we may conclude that the 
quantity of the precious metal produced at least equalled the 
weights of the materials out of which it was formed, and 
although this carries absurdity on the very face of it, yet the 
story was most implicitly believed. 

1 might quote several equally, and even more absurd ne~ 
counts of transmutations, in which the most reverential con- 
fidence was, at the time, and long after their publication, placed; 
the above will however probably suffice. 

‘The year 1400 is marked in the annals of Chemistry, as 
the period of the birth of Basil Valentine, the first experimen- 
talist whose labours contributed to the foundation of the mo- 
dem science, 

In bis “ Triumphant Chariot of Antimony,” republished at 
Amsterdam in 1671, there is a good deal of curious information 
Upon a variety of chemical subjects, and when it is said that 
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to him we owe the first accurate directions for the preparation 
of those two important acids the sulphuric and nitric, his 
claims to be noticed as a chemist of very considerable merit 
will be at once allowed, 

Next came Paracelsus, who is more noted for his successful 
labours in the department of pharmaceutical chemistry, to 
which he gave an important turn, than for his contributions to 
the science itself. He was a man of dissolute habits, und died 
in poverty at Saltsburg, in 1541. 

Ye must nothere furget to mention a very celebrated astro~ 
nomer, whose cute and powerful intellect was not proof agninst 
the superstition and credulity of the age, and who was not only 
4 profound believer in alchymy, but who also devoted much of 
his time to a search for the universal medicine, the elixir vite, 
Tycho Brahe, who was born in 1546, and who died in 1601, 
Although it is known that this celebrated philosopher spent 
much of his time and money in the study of ferréstrial astro 
nomy, (chemistry,) yet it is not found that he ever published 
an account of his experiments, nor are there among his writings 
any traces of his chemical enquiries. The reason he gave for 
his silence was very similar to the excuses of many other 
alchymists. “On consideration,” says he, “and by the advice 
of the most learned men, f thought it improper to unfold the 
secrets of the art (of alchymy) to the vulgar, ax few persons 
were capable of using its mysteries to advantage and without 
detriment.” 

Tycho Brahe was the pretended discoverer of a specific 
against the epidemic diseases which were then ravaging Ger- 
many. This Elixir went by his name, and excited so much 
attention, that the Emperor Rudolph applied to Tycho for the 
receipt. The Astronomer gave it, humbly beseeching the 
Emperor to keep it a sccret, and to reserve the medicine for 
himself alone! 

‘The base of this important medicine is stated to have been 
Venctian treacle, which undergoes an infinity of chemical ope- 
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sorals, or sapphire, or hyacinth, or a solution of pearls, or of 
Potable gold, if it can be obtained free of oll corrosive matter!* 

The works of Paracelsus excited the attention and genius 
of Van Helmont, who flourished in the early part of the seven- 
teenth century; he appears to have been a man of real philo- 
sophical babits, very different from his predecessor Paracelsus. 
Tn his writings the word gas, a8 applied to all aériform bodies 
differing from atmospheric air, first occurs: he also distin 
guished between condensible gases or vapour, and incon- 
densible or permanently elastic fluids, Van Helmont may be 
considered as the last of the alchymists. 

Glauber of Amsterdam, deserves next to be noticed. His 
works, translated into English in 1689, abound in original and 
important information. Amongst the most useful of his dis- 
coverics may be placed that of the production of vinegar of 
wood, which has lately become a manufacture of mach im= 
portance, and of muriatic acid, which he obtained by distilling 
common salt with sulphuric acid, and he gives a sufficiently 
clear account of the nature of the chemical change thut ensues. 

‘The residue of this operation still goes by the name of 
Glauber’s salt, or as he termed it sal miradile. Glauber had 
a great idea of the medicinal value of this compound, but that 
he did not suppose it an elixir vita, in the sense of the alchy- 
mists, is evident from this extract from his writings. “ Salt!” 
says he, “is the beginning aud the end of all things, and it 
increaseth and exalteth their powers and virtues: it is the 
truc universal medicine; not that 1 would have any man per- 
suade himself, that in these words 1 would assert immortality, 
for my purpose tendeth not thither; seeing that | am not ig- 


* See the Life of Tycho Hrahe in Sir 0. Wrowster’s Martyrs of Science, before 
alluded to. 
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norant that there is no medicine against death.* Glauber was 
the inventor of much useful chemical apparatus. 

In the year 1662, the Royal Society was established, for the 
improvement of mental knowledge; belonging to which body, 
the first names that arrest our attention, in connection with 
the present subject, are those of Boyle and Hooke; the former 
of which celebrated men was born at Lismore, in the province 
of Munster, in Ireland, in 1627, and died in London, in 1691, 
and the latter in the Isle of Wight, in 1635, and died in 
London, in 1702. 

In the writings of Boyle and Hooke we have the first genuine 
samples of the influence of Lord Bacon’s doctrines, the effects 
of which were aa great as they were beneficial. It was 
through their experiments, that attention was first directed to 
the important part performed by the presence of atmospheric 
air in combustion, and Boyle first showed that a candle would 
not burn, and that gunpowder could not be ignited by collision 
of flint and stecl, underthe exhausted receiver of an wir pump. 
Hooke went much further, and speculated in an exceedingly 
ingenious manner, on the phenomena of combustion. It ix 
impossible here to go into a detail of his opinions, and it will 
suilice to say, that he in a degree anticipated results which were 
gained at a much later period. He asserted that air was the 
universal dissolvent of inflammable bodies ; that this dissolution 
generates heat, which we call fire, as is the case in many other 
dissolutions; that this dissolution is made by a substance mixed 
with the air that is like to, or the very same as, that which is 
fixed in saltpetre,—thatof the burning body, one part is turned 
into air, and another portion is indissoluble, &c. 

Contemporary with Hooke and Boyle, was the celebrated 
German chemist, Beecher, who may be considered as the author 
of the first Theory of Chemistry. He published in 1669, « 
work entitled “ Physica Subterranca,” a work which forms a 
yery important cra in the history of Chemistry; it then, as Dr. 
‘Thomson observes, escaped for ever from the trammels of 
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alchymy, and became the rudiments of the science as we 
find it at present. 

The theory of Beccher was simplified, and so far remodelled 
by his successor and editor Stahl, that it became entirely his 
own, and has been ever since distinguished by the name of 
the Stablian theory. 

The explanation offered for the phenomena of combustion, 
was that which afterwards excited so much attention, under 
the name of the Phlogistic Theory. 

The clements of bodies, according to Beccher, are air, water, 
and three carths, one of which is inflammable, another mercu- 
rial, and another fusible. The three earths combined with water 
constitute an universal acid, which is the basis of all other 
acids. The combination of two earths produce lapideous bodies: 
and in the metals, the three earths are united in various 
proportions. 

Stahl rejected the mercurial earth of Beccher, and retained 
as clements water, acid, earth, and fire; or, as he termed it, 
Phlogiston, a principle of extreme tenuity, and prone to a kind 
of vibratory motion, in which it appears as fire. He adduced 
numerous experiments in support of his theory; for example, 
when phosphorus is burned it produces an acid, with the 
evolution of much heat and light, consequently phosphorus 
consists of acid and phlogiston: if this acid be now heated 
with charcoal, or any other body abounding in phlogiston, 
phosphorus will be reproduced. 

When zinc is heated to redness, it burns with a brilliant 
flame, and is converted into a white earthy substance or calx. 
Hence zinc consists of this earth and phlogiston. 

Now, although no notice is taken by Stahl of the increase of 
weight in these experiments, which is zeferred by Mayow 
distinctly to the fixation of Hooke’s nitro-grial particles, still, 
the plausibility of his theory was such, that it excited universal 
admiration, and the names of Hooke and Mayow were heard 
nothing of for more than 50 years, during which time the 
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Stahlian theory maintained an unimpeached dominion, till 
upset by the ingenuity and genius of the unfortannte Lavoisier. 

The great talents of Mayow were not appreciated nearly as 
much as they deserved in his own time, nor was it ull after 
the fall of the Phiogistic Theory that his penetration and acute- 
ness were fully perceived. He was the first writer who 
offered views worth recording upon the subject of respiration, 
and his speculations concerning the causes and effects of 
chemical allinity were quoted and enlarged upon by Newton, 
in the Queries annexed to the third book of Optics, They 
are indeed at once clever and correct, and afford a striking 
contrast tothe rude and groundless notions that were previ- 
ously entertained on the subject. 

Mayow was the first to show that no annihilation of the 
particles of a compound takes place on their union, as was 
universally supposed. “ When,” says he, “ spirit of salt is 
mixed with sal volatile, sal ammoniac ts produced, in which it 
is true neither the properties of acid or alkali are apparent; yet 
if salt of tartar be distilled with sal ammoniac, the volatile 
alkali will be displaced, with all its previous characters, 
because, there is greater attraction between spirit of salt and 
tartar, than between spirit of salt and volatile alkali.” Again, 
to show that the acid is not destroyed in saline combinations, 
he instances the decomposition of nitre by oil of vitriol, which, 
he says, displaces the nitric acid, and the residaum in the 
retort furnishes vitriolated tartar. It may be asked, why, when 
nitre is heated, the nitric acid does not rise, for it is as we 
have just seen, very volatile: the reason is, that it is restrained 
and kept down by its attraction for the tartar, and can only 
be dispelled by bodies which have a stronger attraction for 
tartar than it. 

All this is strictly true, and will serve as a specimen of the 
penetration of the author. 

Newton, in following up the views of Mayow, observes, “how 
these attractions are performed, I do not here consider ; what 
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T call attraction, may be performed by impulse, or by some 
other means unknown to me: T use that word to signify any 
force by which bodies tend towards one another, whatever be 
the cause.” 

‘These simple expressions of facts, completely superseded the 
hypothesis of hooks, rings, points, aud wedges, by which the 
component parts of bodies were supposed to be held united. 

We come next to the founder of Pneumatic Chemistry, Dr. 
Stephen Hales, who was born in Kent, in the year 1677, and 
died in 1761. Hales was a man of indefatigable perseverance, 
and his writings are particularly distinguished by their sim- 
plicity and perspicuity. He was the first person who paid any 
considerable attention to the gazeous products of bodies, for 
which he invented a variety of apparatus, some of which nearly 
resemble those used at the present time. 

In the course of his experiments he met with a great number 
of curious and important facts, to which he did not pay suffi- 
cient attention, and which were reserved for the genius of his 
successor, Priestley, to examine and explain, 

To his experiments on respiration, he obtained results of 
great interest, which he passed over just at the time when he 
was apparently arriving at something like an explanation of 
them, He appeared to have had a great dislike to following 
up new facts, his object was to multiply them. 

The researches of Hales relating to the motion of sap in ve- 
gctables, were pursued upon a much more regular and digested 
plan. They were published under the title of * Statical Es- 
says,” in 1727. He ascertained by experiments with the sun- 
flower the quantities of matter imbibed and perspired by 
plants, and the influence of leaves upon the absorption of 
water by the root; he made sundry experiments on the rise 
of sap, which he found was much influenced by the leaves; he 
collected the matter transpired from the branches and leaves 
by enclosing them in flasks and retorts, and stated that the 
fluid he thereby procured appeared to be water slightly tainted 
dy vegetable matter. 
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Dr. Hales also made some very curious remarks relating to 
the force with which trees imbibe moisture. He exposed the 
roots of a pear tree, and cut off the end of one half au inch 
in diameter; the stump was cemented into the upper end of a 
tube twenty-six inches long filled with water, and dipping at 
its lower extremity into mercury. The root imbibed water so 
vigorously thut in six minutes time, the mercury rose eight 
inches in the tube. ‘This experiment was made in August. 

In the Philosophical Transactions, are published several pa~ 
pers of Dr. Hales on other subjects; they are not however of 
suificient importance for insertion, 

Contemporary with Dr. Hales was the celebrated Boerhaave, 
who was born near Leyden, in December, 1668. Hermann 
Boerhaave was one of the most distinguished ornaments of the 
eighteenth century; his life has been written by the masterly 
hand of Dr. Johnson, who observes, with respect to his writings 
“they have made all encomiums useless and vain, since no 
man can attentively peruse them without admiring the abilities, 
and reverencing the virtues of the author.” 

Boerhaave was originally intended for the Church, but an 
obstinate ulcer on his left thigh, which for seven years resisted 
all medical remedies, was the means of directing his thoughts 
and inclinations to the study of medicine, and it is worthy of 
remark that he learned by his own solitary study, a science on 
which he afterwards excrted so important an influcne 

Of his numerous works, his Elements of Chemistry is per- 
haps the finest specimen, a good translation of which, with 
notes, was edited in 1753 by Dr. Shaw; this work is still valu- 
able, notwithstanding the entire revolution which has taken 
place in the science since his day; his original investigations 
were nearly the same a3 those of Hales; his experiments are 
remarkable for their accuracy, and in disclosing his views, he 
has certainly sketched an outline of one of the modern theo- 
ries of combustion. His remarks on orgunic bodies are also 


exceedingly good. 
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‘So extensive a sphere of action gained for Boerhaave a fame 
that few learned men have enjoyed. People came from all 
parts of Barope to consult him. Peter the Great visited him 
on his travels, and a Chinese Mandarin wrote to him with the 
address, “To Boerhaave, the celebrated Physician in Europe’: 
he died in September, 1738. 

‘The name of Dr. Black occurs at this period in the history 
of Chemistry. He was born on the banks of the Garonne, in 
1728, and was initiated into the mysteries of chemical science 
by Dr. Cullen, « celebrated physician of Glasgow. 

‘The name of Dr. Black is so intimately associated with the 
history of Latent Heat, that I shall reserve the notice of his 
celebrated discoveries on that subject for the nest lecture, 

In 1766 Dr. Black was called to the chemical chair of Edin- 
argh, an office which he filled with such talent, industry, and 
perseverance, that he excited a general taste for the science. 
Asa lecturer he was particularly distinguished by his simplicity 
and clearness; he was very successful in his illustrations, and 
judicious in their selection, and “ while” says his biographer 
Professor Robinson, * he scorned the quackery of a showman, 
the simplicity, neatness, and elegance with which his experi- 
ments were performed were truly admirable.” 

His writings, though few, are masterpieces of scientific com 
position; he was the first that introduced into Chemistry that 
severe system of inductive logic found in the works of Newton, 
in consequence of which he was particularly cautious in sub- 
mitting his opinions to the public, fully aware of the multitu- 
dinous facts upon which a theory that is to stand firm, must 
be founded, and averse to all hypotheses, 

Dr. Black was the discoverer of carbonic acid, or as he termed 
it fixed air. When he commenced his chemical career, the 
causticity of lime was referred to different causes; by Stahl 
the limestone was supposed to have absorbed certain igneous 
particles by the operation of heating; by others, Macquer and 
Meyer in particular, to an acrid acid contracted in the fire. 
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Biack, finding that the magnesia obtained by adding a mild 
alkali to solution of Epsom salt, effervesced upon the addition 
of an acid, but did not do so when heated red hot, and also 
lost considerably in weight by the operation, was induced to 
try the same experiment with lime; he found this attended 
with the same result, the lime lost weight, hence he concluded 
that its causticity was occasioned by n loss, not a gain by heat. 
He next distilled some magnesia in a retort, but finding no 
prodact but « small quantity of water not nearly equal to the 
weight the magnesia had lost, he conceived the possibility of 
the loss of gaseous matter, and on pouring a quantity of acid 
on Some Magnesia in a proper apparatus, he succeeded in col- 
fecting a permanently elastic fluid; this he repeated with chalk 
and the mild alkalies. 

‘This discovery gave a new form to Chemistry, and may be 
considered the basis of many of those which have immortalized 
the names of Priestley, Cavendish, and Lavoisier. 

Dr. Black was for a long time opposed to the new Chemical 
Theory, but was at length convinced of its superior accuracy, 
and did full justice to its merits, His admirable lectures were 
published in 1803, in two volumes, by Robison. He died sud- 
denly in 1799, at the age of seventy one, 

We next come to Priestley, to whose indefatigable perseve- 
rance Pneumatic Chemistry is under such deep obligations. 
Dr. Joseph Priestley was born at Fieldhead, near Leeds, in 
1733; he first turned his attention to Chemistry, as a relief 
from his more serious Theological avocations in 1767. Lt was 
in consequence as he says, in the opening chapter of his three 
volumes on air, of living for some time in the neighbourhood 
of a public brewery, that he was induced to make experiments 
on fixed air, and one experiment leading to another, he soon col~ 
lected those materials, which he laid before the Royal Society 
in 1772. He wos the inventor of nearly all the apparatus used in 
the examination of gaseous bodies at the present day, of which 
he gives in the introduction to his work « detailed description. 

B 


18 SCIENCE OF CHEMISTRY. 


Dr. Priestley discovered dephlogisticated air or oxygen gas, 
on the first of August, 1774; the following is the account he 
gives of the discovery. At the time of my first publication, 
I was not possessed of a burning lens of sufficient power to 
make many of the experiments I had projected, but having 
afterwards procured one of twelve inches diameter and twenty 
inches focal distance, I proceeded with great slacrity to ex- 
amine by the help of it, what kind of air a great variety of 
substances, natural and factitious, would yield, putting them 
into flasks filled with quicksilver, and inverted in vessels of 
the same. With this apparatus, on the Ist of August 1774, 
I endcavoured to extract air from mercurius calcinatus per se, 
(red precipitate of mercury,) and J presently found that by 
means of the lens, air was expelled from it very readily. Ha- 
ving got about three or four timncs as much as the bulk of my 
materials, I admitted water to it, and found that it was not 
imbibed by it. But what surprised me more than I can well 
xpress, was, that a candle burned in this air with a remark- 
able vigorous flame, very much like that enlarged flame with 
which a candle burns in nitrous air, exposed to iron or liver 
of sulphur: (nitrous oxyd as it is now termed) ; but as I had. 
got nothing like this remarkable appearance from any kind of 
air beside this peculiar modification of nitrous air, and I knew 
no nitrous acid was used in the preparation of mercurius cal- 
cinatus, I was utterly at a loss how to account for it. 

“At the same time that I made the above experiment, I 
extracted a quantity of air of the very same property from the 
common red precipitate, which being produced by a solution 
of mercury in spirit of nitre, made me conclude that this pe- 
culiar property, being similar to that of the modification of 
nitrous air, depended upon something being communicated to 
it by the nitrous acid, and since mercurius calcinatus is pro- 
duced by exposing mercury to a certain degree of heat, when 
common air has access to it; I likewise concluded that this 
substance had collected something of nitre in that state of heat 
from the atmosphere.” 
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In another place, he says, “As | never make the least secret 
of any thing that 1 observe, 1 mentioned these experiments 
to all my philosophical nequaintance at Paris and elsewhere, 
having no idea at that time to what these remarkable facts 
would lead.”* 

For some months Dr, Priestley thought that dephlogisticated 
air was the same as common air; he did not at first observe 
that when mixed with nitrous gas the fumes produced were of 
a darker colour, or that the diminution in volume was greater 
than with common uir, he says, “1 particularly remember my 
telling Dr. Price, that I was myself perfectly satisfied of its 
being common air, as it appeared to be so by the test of ni- 
trous air, though for the satisfaction of others | wanted 
mouse to make the proof quite complete”” On the 8th of 
March, 1775, he tried this experiment, and found that the 
animal lived double the time in a given measure of the air from 
the mercurins calcinatus, that it could in common air; still he 
did not think that this circumstance warranted him in con- 
cluding that the dephlogisticated air was det¢er than common 
air, Since there is little accuracy in this method of ascertain- 
ing the goodness of air, he was however induced from it, to 
repeat the experiments with nitrous gus very carefully, the re~ 
sult was his conviction that dephlogisticated air is aof the same 
‘a8 common oir, but much better. 

Among the most interesting of Priestley’s researches are 
those relating to the purification of air deteriorated by respi- 
rution or combustion, by means of vegetation. He appears to 
aye been led to this subject, from reading some experiments 
of the Count de Saluce, in which it was pretended that air in 
which candles had burned out, was perfectly restored by ex- 
posure to a considerable degree of cold, and also by com- 
pression; and on the other hand that heat only, as the reverse 
of cold renders air unfit for supporting combustion. “Having” 
mysho, failed in these experiments, 1 have been so happy 











SCIENCE OF CHEMISTRY. 21 


this phlogistic matter may have been imbibed by the roots 
and leaves of plants and afterwards incorporated into their 
substance, as that it is altogether produced by the power of 
vegetation. May not this phlogistic matter be even the most 
essential part of the food and support of both vegetable and 
animal bodies ¢ Dr, Priestley was a staunch supporter of the 
phiogistic doctrine, and the last work he ever wrote was x 
truct in its support, entitled “The Doctrine of Phlogiston 
Established, and that of the Composition of Water Refated”” 

In 1778, Dr. Priestley made the capital discovery of the 
evolution of oxygen gas by aquatic plants, growing in water 
containing carbonic acid; that the presence of light was es- 
sential to this change, and that in sunshine it was most rapid. 
He observes, that, as air combined with water is liable to be 
phlogisticated by respiration, and to be dephlogisticated by ve~ 
getation, a3 much a air in an elastic state out of water; onc 
of the great uses of weeds, and other aquatic plants with 
which fresh water lakes and even seas abound, is doubtless to 
purify the air made foul by the fishes, as well as to supply 
them with food ; and again, he explains the loss of fertilizing 
power in water employed in floating meadow land, by sup- 
posing that when it issues from the earth, it contains air of an 
impure kind; that is, air loaded with phlogiston, ‘This prin- 
ciple the roots of the grass extract from it; so that it is then 
replete with dephlogisticuted air, and consequently the plants 
it afterwards cor 
upon. 

‘The experiments of Priestley relating vo the physiology of 
Vegetation, were considered by the council of the Royal So- 
ciety so valuable, that in November, 1783, they awarded him 
the Copley Medal, on which occusion a handsome eulogium 
was pronounced on him by the President Sir John Pringle. 

Besides the important contributions to chemical science, 
that have beeu enumerated, Priestley first produced and in- 
vestigated nitrous gas, (whieh was indeed his first discovery,) 
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sulphurous acid, flaoric acid, muriatic acid, ammoniacal, car~ 
horetted hydrogen, carbonic oxide, and nitrous oxide gases, 
‘Though he did not discover hydrogen gus, yet his experiments 
om it were highly important, and contributed essentially tothe 
revolution brought about in Chemistry. Azotie gas was dis~ 
covered before he began his careers but we are indebted to 
him for most of the properties of it yet known. ‘To him again, 
we owe the first knowledge of the acid produced when the 
electric spark is taken for some time in common air: a fact 
which led afterwards to the knowledge of the constituents of 
nitric acid, which contributed so essentially to the establish~ 
ment of the new chemical doctrine, He first discovered the 
great increase of bulk which takes place when electric sparks 
are passed through ammoniacal gas; a fact which led direetly 
to the analysis of ammonia by Berthollet, who merely repented 
Priestley’s experiments. 

Upon his philosophical writings the reputation of Dr, Priest- 
ley must rest; bis theological opinions are most deservedly 
condemned, and his political tenets drew down upon him so 
scvere a periecution, that in the riots which took place in 
Birmingham, in 1791, on the day of the anniversary of the 
French Revolution, his meecting-house, and dwelling-house 
were burnt: bis fibrary and apparatus destroyed; and many 
manuscripts the fruits of several years industry, were con- 
sumed im the conflagration. He escaped himself with diffi- 
culty, and such was the ferment against him, that nobody 
would let him a house: the members of the Royal Society ne- 
fused to notice him, and he lived in a state of insulation s ac~ 
cordingly soon after the commencement of the last American 
war, he followed his sons who had emigrated thither, and 
there he died in 1804, after being only two days confined to 
his bed, 

The great fault observable in the philosophical writings of 
Dr, Priestley is precipitancy, “and indeed’’ says his biogra- 
pher Dr. Thomson, “ from the way he went on thinking as he 
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wrote, and writing only one copy, it was impossible he could 
be otherwise? But as he was perfectly sincere and anxious to 
obtain the truth, he freely acknowledged his mistakes as soon 
as he became sensible of them. ‘The immediate and suceess- 
ful followers of Priestley, were Bergman, Schecle, Cavendish, 
and Lavoisier, a short sketch of each of which eminent men, 
I shall now proceed to give, 

Torbern Olof Bergman, was born at Catherineberg, in the 
Swedish province of West Gothland, on the 9th of March, 
1735, and obtained, after many difficulties, the permission of 
his family to devote himself entirely to the sciences. He is 
eminently distinguished as being almost the founder of the art 
of chemical analysis, and in his Essay on Mineral Waters, he 
poitits out with great precision the principal re-agents and pre~ 
cipitunts useful in their examination: he then goes into a de- 
tail of the process to be adopted in minutely examining the 
nature of their contents, both gaseous and saline, and displays 
in his formula a surprising degree of ingenuity. 

Bergman also wrote a splendid Dissertation on Chemical 
Attraction, and was the first to employ and recommend the 
humid method of assaying; he also published a table showing 
the relative weights of precipitates, procured in different ways 
from one hundred parts of metals, showing the fallacy of the 
prevalent opinion, that the relative weights of precipitates were 
im all cases the same, und proving that the difference of 
weights depends upon the different proportions of the precipi~ 
tant contained in the precipitate, and upon the occasional 
retention of a portion of the solvent. 

In 1774, Bergman read before the Royal Society of Sciences 
at Upsal, his Essay on Fixed Air, which he proves to be an 
acid, forming crystallizable compounds with alkalies, destroying 
at the same time their causticily; he gives a table of the 
electric attractions of fixed air, which, he says, appears to be 
the weakest acid known. 

We are indebted to Bergman, for a knowledge of the cha- 
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the first good classification of minerals: he died in 1784, in 
hhis forty-ninth year, thoroughly exhausted by his exertions; 
he was succeeded in analytical Chemistry, amongst other men 
of eminence by Klaproth, Vauquelin, and Chenevix. 

But it is not to his researches alone, that Chemistry is in~ 
debted to Bergman, he was the means of introducing to the 
science another of its brightest ornaments, Scheele, of whom 
he was the patron and disinterested friend. ft has been said, 
that the greatest discovery of Bergman, was the discovery of 
Scheele, for he was the first to remark his promising genius 
and rising merit. 

Scheele was born at Stralsund in 1742, of obscure parent- 
“gc: his youthful days were spent in the house of an apothe- 
‘ary at Gottenburg, where, by perseverance and industry, he 
acquired a valuable stock of chemical information. In 1773 
he remored to Upsal, where he accidentally became acquainted 
with Bergman. 

‘The first publication of Scheele, was his “ Chemical Olser= 
vetions and Experiments on Air and Fire,” in which he treats of 
the analysis of atmospheric air by solution of liver of sulphur, 
And certain other sulphureous compounds, which he shows 
abstract the empyreal part: and that upon adding to the resi- 
duary portion a quantity of empyreal air equal to that abe 
sorbed by the sulphureous liquor, an air similar in every re= 
Speet to that of the atmosphere, is again compounded. He 
endeavours to prove that heat is a compound of empyreal air 
and phlogiston, and draws attention to the difference between 
heated air, and heat emanating in straight lines, or, as he calls 
it, mdiant heat. 

Scheele was the discoverer of dephlogisticated marine, or 
murintic acid, chlorine, as it is now called, and his views re- 
Jating to it, and the nature of the muriatic acid, are remark- 
ably correct, if we substitute hydrogen for phlogiston. He 
first investigated the arsenic, and molybdic acids, and pointed 
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out the difference between plumbago and molybdcnam, proving 
the existence of iron and carbon in the former. His other con- 
tribations to Chemistry are Essays on fluor spar, arsenic of 
copper; (as n paint,) milk, and sugar of milk, und on Prussian 
blue, in all of which a very superior degree of talent is dis- 
played. He died at Koping, near Stockholm, in 1786. 

‘The Honourable Henry Cavendish was born on the 10th of 
October, 1731; he was a very eccentric character, and re- 
markably shy and bashful; but his talents were of the highest 
order, and his education very complete; he was an excellent 
mathematician, a profound electrician, and a most acute and 
ingenious chemist: our business is with the last qualification 
only, 

The Chemical Papers published by Cavendish, contain five 
capital discoveries. Ist. The nature and properties of hydro- 
gen gas. 2nd. The solution of lime in mineral waters by car- 
bonie acid, and its separation by boiling. 3rd. The exact pro- 
portion of the constituents of atmospheric air, and the fact 
that, these constituents never sensibly vary. 4th. The com- 
position of water, (conjointly with James Watt). Sth. The 
composition of nitric acid. He was also the first person who 
showed that potash has a stronger affinity for acids than soda. 

“The most splendid and valuable of Mr. Cavendish’s chemi- 
cal papers,” observes his biographer Dr. Thomson, “are those 
two on air, published in the Philosophical Transactions for 
1784 and 1785.” The object of these was to determine what 
happened during the pAlogistication of air, as it was at that 
time termed; that is, the change that air underwent, when 
metals were calcined in contact with it; when sulphur and 
phosphorus were burnt in it, and in several other similar pro- 
cesses. He showed in the first place that there was no reason 
for supposing that carbonic acid was formed, except when 
some animal or vegetable substance was present; that when 
hydrogen gas was burnt in contact with air, or oxygen gas, it 
combined with that gus and formed water; that nitrous gas 
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combined with the oxygen of the atmosphere, and formed 
‘nitrous acid: and that when oxygen and azotic guses are mixed 
in the requisite proportions, and clectrie sparks passed through 
the mixture, they combine and form nitric acid. The first of 
these opinions occasioned a controversy between Mr. Caven- 
dish and Mr. Kirwan, who had maintained that carbonic acid 
is always produced when air is phlogisticated. Two papers 
on this sabject are published in the Philosophical Transactions 
by Mr. Kirwan, and one by Mr. Cavendish, each remarkable 
examples of the peculiar manner of the respective writers. 
All the arguments of Kirwan are founded on the experiments 
of others; he displays great reading and a strong memory, 
but does not discriminate between the merits of the chemists 
‘on whose authority be foonds his opinions. Mr. Cavendish, 
on the other hand, never advances a single opinion which he 
has not put to the test of experiment; and never suffers him- 
self to go further than his experiments will warrant: what- 
ever is not accurately determined by unexceptionable trinls, is 
merely stated as a conjecture upon which little stress is laid. 

To the first of these celebrated papers, Mr. Cavendish has 
drawn a comparison between the phlogistie and the anti- 
phlogistie doctrines, und has shown that each of them is ca- 
pable of explaining the phenomena of Chemistry in a satis- 
factory manner: that it is impossible to demonstrate the truth 
of cither; and he has given the reasons which induced him 
to prefer the phlogistic theory to the other, which the Freneh 
Chemists were unable to refute, und which they were wise 
enough not to notice. 

‘The talents of Mr. Cavendish are thus emphatically eulogi-~ 
zed by one eminently qualified to form an opinion :— the late 
Sir Humphry Davy. “Cavendish was possessed of & minute 
Knowledge of most of the departments of Natural Philosophy: 
he carried into his chemical researches # delicacy and precision 
which have never been exceeded: possessing depth and ex- 
tent of mathematical knowledge, he reasoned with the caution 
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of a gcometer upon the results of his experiments: and it 
may be suid of him, what perhaps can scarcely be said of any 
other person, that whatever he accomplished was perfect at 
the moment of its production. His processes were all of a 
finished nature; executed by the hand of a master, they re- 
quired no correction; the accuracy and beauties of his earliest 
labours even, have remained onimpaired amidst the progress 
of discovery, and their merits have been illustrated by dis- 
cussion and exalted by time.” 

Cavendish died on the 4th of Pebranry, 1810, in the 79th 
year of his age, leaving behind him the immense sum of nearly 
£1,300,000. 

Anthony Lawrence Lavoisier was born in Paris, in 1743, of 
opulent parents, from whom he received a good education. 
He is celebrated in Chemistry as a Theorist, and as the intro~ 
ducer of a new nomenclature, which ended in the banishment 
of phlogiston: “Lavoisier must be regarded,” says Davy, “as 
one of the most sagucious philosophers of the eighteenth cen- 
tury, indeed except Cavendish, there is no other inquirer, who 
can be compared with him for precision of logic, extent of view, 
and sagacity of induction, His discoveries were few, but he 
reasoned with extraordinary correctness upon the labours of 
others. He introduced weight and measure, and strict w 
racy of manipulation into all chemical processes, 
was unbiassed by prejudice; his combinations were of the 
most philosophical nature: and in his investigations upon 
ponderable substances, he hus entered the true path of expe- 
riment with cautious steps, following just analogics, and mea- 
suring hypotheses by their simple relation to facts.” 

Lavoisier published his celebrated * Elemens de Chimie,” at 
Paris, in 1789, and an English translation of it with notes ap- 
peared soon after, by Mr. Robert Kerr. 

It is divided into three parts. The first treats of the forma- 
tion and decomposition of aériform fluids; of the combustion 
of simple bodies, and the formation of acids, The second 
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und charcoal threw out such a brilliant light that the eyes 
could hardly endure it. “This species of air was discovered” 
says Lavoisier, “about the same time by Dr. Priestley, Mr. 
Scheele, and myself,” in saying which, it must be acknow- 
ledged that he did his distinguished English friend injustice, as 
he was perfectly aware of the priority of his claims to the 
discovery of this gas, dephlogisticated air as he named it. 

Lavoisier considered all aériform fluids as compounds of a 
ponderable basis, with caloric and light; in the experiment 
just described, the ponderable part of the dephlogisticated air 
unites to the mercury, but the union is effected so slowly, that 
the phenomena of combustion are not perceived : if however, 
red hot iron wire be introduced into the air evolved from the 
calx of mercury, it acts readily upon it, heat and light are 
emitted and the iron increases in weight, 

He shows that one of the most general properties of de- 
phlogisticated air, is to form acids, hence he gives it the name 
of oxygen gas: the other element of atmospheric air he calls 
azotic gas, from its fatal effects on animal life. 

Lavoisier fell a victim to the sanguinary tyranny of Robes- 
pierre, in 1794, on the charge of being a conspirator, and of. 
having adulterated the tobacco with ingredients obnoxious to 
the health of the citizens. 

Among the eminent countrymen and fellow labourers of La- 
voisier, in the celebrated reform of Chemical Nomenclature, 
we find the names of Guyton Morveau, Fourcroy, and Chaptal. 

Guyton Morveau was born in 1737, and died in 1815. He 
was a man of extensive acquirements, and, as a chemist, of 
great ingenuity; besides the part he took in establishing the 
new nomenclature, he is deservedly celebrated as the inventor 
of the means of destroying infection by acid vapours, the effi- 
cacy of which he pointed out in 1773. 

Fourcroy was born in 1755, and died in 1809. He is well 
known in the scientific world as the author of the first system 
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of Chemistry, a work which was translated into English, with 
notes, by Mr. John Thomson. 

Chaptal, Comte de Chanteloup, was born in 1756, and died 
in April, 1832, in the 76th year of his age. He was the au- 
thor of many works on Chemistry; on the application of Che- 
mistry to the arts; on the application of Chemistry to agri- 
culture; and on the art of dyeing wool and cotton, &c. His 
Elements of Chemistry were translated into English by W. 
Nicholson. 

We have now in chronological order, to give a brief sketch 
of the discoveries of a countryman of our own, a man inferior 
to none who have hitherto been mentioned in intellectual en- 
dowments, and who probably exceeded them all in the num- 
ber and importance of his contributions to Chemistry, both 
philosophical and practical. 

‘The late Sir Humphry Davy was born the 17th of Decem- 
ber, 1778: he entered upon the Science of Chemistry as a 
branch of Medical studies, in December, 1797, when he 
just entered his nineteenth year; and as was the case with 
Priestley, Scheele, and many other distinguished men, his 
means being very limited, his first experiments were performed 
with the simplest apparatus, such as common Apothecaries' 
phials, wine-glasses, tea-cups, tobaceo-pipes, &c., but so ardent 
‘was his pursuit of his new study, and so rapidly did he advance 
in it, that in less than four months from the time he took it 
‘up, we are told he was in correspondence with Dr. Beddoes 
on his researches in “Heat und Light’. In 1799, his essays 
on these subjects were published together with others on 
Respiration, the Generation of Oxyyen gas, and the causes of 
the colour of Organic Beings. In 1800, uppeared his * Re- 
searches, &c. on the Nitrous Oxyd,” « work which considering 
the age and circumstances of the author, must be considered 
as a wonderful performance, and contributed not a little to the 
advancement of Chemical Science. 

In the February of the year following, Sir Humphry was 


32 SCIENCE OF CHEMISTRY. 


Clected assistant lecturer on Chemistry to the Royal Institution, 
and on the 31st of May, 1802, he was appointed Professor. 

It was in the year 1800, that Volta made known his great 
invention of the Voltaic pile, and in the same year its remarka- 
ble effect in occasioning the decomposition of water was first 
noticed, by Messrs. Nicholson and Carlisle. Davy imme- 
diately saw the importance of this instrument, and set to work 
in the field of inquiry which it laid open. In 1901 he pre- 
sented his first paper to the Royal Society, on “Some Galvanic 
Combinations, formed by the arrangement of single metallic 
plates and fluids, analogous to the galvanic apparatus of Volta,” 
and in 1806, his first Bakerian Lecture, “On some Chemical 
Agencies of Electricity” was read; a paper, constituting as 
Dr. Thomson has remarked, “ one of the most important con- 
tributions ever made to chemical philosophy,” and for which 
a prize, founded by Napoleon, for the most important disco- 
veries in galvanism, was awarded to the author by the Insti- 
tute of France, 

In 1807, Davy announced the decomposition of potash and 
soda, and proved that these alkalies are metallic oxydes, “Many 
vague and unfounded notions,” says he, “had been formed 
of the nature and composition of this body, (the vegetable 
alkuli). It had been supposed by some of the Italian and 
French chemists, to consist of lime and hydrogen; by others 
it had been regarded as containing nitrogen. The suspicion 
strongest in my mind was, that it might consist of phospho- 
rus or sulphur united to nitrogen ; for as the volatile alkali 
was regarded as u compound of an extremely light inflammable 
body hydrogen, with nitrogen, I conceived that phospho- 
rua and sulphur, much denser bodies, might produce denser 
alkaline matter; and as there were no known combinations of 
these with nitrogen, it was probable that there might be un- 
known combinations, In my first trials on potash I used 
atrong aqueous solutions,—dry potash is a non-conductor; I 
then employed fused potash, and in this instance inflammable 
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matter was produced. Then # piece of potash moistened; and 
to my great surprise, I found metallic matter formed. October 
6th. This matter instantly burnt when it éouched water—swam 
on its surface reproducing potash. In dry oxygen gas it like- 
wise burnt into perfectly dry potash. Soda was decomposed 
in the same manner.” 

In 1810 Davy demonstrated the nature of muriatic acid, and 
showed that what was called oxymuriatic acid, was really an 
undecompounded substance to which he gave the name of 
Chlorine. 

In the Philosophical Transactions from 1815 to 1817, are his 
five celebrated papers relating to the Safety Lamp, which, 
together with his other discoveries, will be entered into at 
length in subsequent lectures. 

In November 1820, Sir H. Davy was clected President of the 
Royal Society, which office he continued to hold for seven suc- 
cessive years, ut the end of which time his health became 
much impaired, and in May, 1829, he terminated his memo- 
rable life at Geneva. 

Of this celebrated Chemist. two biographical Memoirs have 
been published, one by Dr. Paris, one by his brother Dr. John 
Davy, and his works are now being given to the public in a 
collected form by the latter, a series of interesting volumes, 
which ought, and probably will, find a place in the library of 
every lover of science. 

Pshall conclude this brief historical sketch, with one more 
notice, that of Dr. Wollaston, the contemporary and friend of 
Davy. 

Wollaston was o philosopher of great ingenuity and exact- 
ness; it is to him we owe the promulgation in this country of 
the Theory of Definite Proportions and its important practical 
applications, He was the discoverer of Palladium and Rho- 
dium, and the inventor of the method of rendering platina 
malleable, by which process he realized a large fortune; it was 
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kept a secret till a short time before his death, when he made 
it known in the Bakerian Lecture to the Royal Society. 

Wollaston died in December 1828, in the fifty-third year of 
his age. 

I have thus endeavoured to give a concise outline of the rise 
and progress of Chemistry, which will not, I trust, be con- 
sidered uninteresting, or out of place, as an introduction to 
the series of Lectures I am about to undertake; in these it 
will be my object to present to the general reader a popular 
view of the Science as it is at present: to describe some of 
the most important experiments and observations which have 
been made by various eminent individuals, since the period to 
which I have brought the history, to give a sketch of the 
new views that have been thereby developed, particularly in 
that most interesting but difficult branch Organic Chemistry, 
and to dress the whole in language as simple as the subject 
will allow, with a hope that something more than a mere in- 
terest in this grand branch of human knowledge may be ex- 
cited, that it may stimulate some of those individuals who 
have time and means at their disposal to enter this richly ex- 
tensive and fruitful field, the paths of which are in so inviting 
@ manner opened to them. 
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Of all the active natural agents concerned in producing 
chemical changes, Heat demands our first attention. Its 
effects are perhaps the most astonishing of any which na- 
ture exhibits; it is the grand principle employed by her in 
balancing the power and natural effects of attraction: it is 
every where present, and is continually altering or modifying 
every thing; without it, we should possess nothing but solid 
and compact bodies, and should see nothing of those varieties 
of consistence, under which they are now presented to our 
observation. 

“ The Chemist,” says Dr. Lardner,* “ in all his proceedings 
is beset with the effects of heat in aiding or impeding his re- 
searches. Now, it promotes the division of combined elements; 
now fuses into one uniform mass the most heterogeneous ma- 
terials. At one time he resorts to it as the means of arousing 
dormant affinities ; at another he applies its powers to dissolve 
the strongest bonds of chemical attraction. Composition and 
decomposition are equally attended by its evolution and absorp- 
tions and often to such an extent as to produce tremendous 


* Sco the Treatise on Heat in the Cabinet Cyclopaxdia, 
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explosions on the one hand, or cold, exceeding the rigours of 
the most severe polar winter on the other.” 

Tt was proposed by Lavoisier, when he was engaged in his 
celebrated reformation of Chemical Nomenclature, to distin~ 
guish the cause of heat, or that exquisitely elastic fluid which 
produces it, by the name of caloric, In considering the effects 
of this agent, he was disposed to refer them to a real and ma- 
terial substance or very subtile fluid, which insinuating itself 
between the particles of bodies separates them from each 
other. This substance, whatever it may be, the sensation in 
other words, that we call warméA, being caused by its accumu- 
lation, could not he thought, in strict language be distinguished 
by the term Aeat, because the same name would then very im- 
properly express both cause and effect. In a Memoir published 
in 1777, he gave it the names of igneous fluid, und matter of 
heat, but subsequently thinking it necessary to reject all “ pe- 
riphrasti¢c expressions,” which both lengthen physical language 
and render it less distinct, and which even frequently do not 
convey sufficiently just ideas of the object intended, he, in 
conjunction with, and with the approbation of Morveau, Ber- 
thollet, and Foureroy, gave it the name of caloric. 

‘There does not however seem any necessity for adopting 
this term. It is usual to speak of the heat of the sun’s rays, 
and this form of expression seems to convey as clear an idea, 
as the calorie of the sun’s rays. The heat which we feel is 
another equally common form of expression, which applies to 
the sensation produced, while the former use of the word 
marks the cause, whatever it be, that produces the sensation ; 
now as there is no sort of ambiguity attached to either of these 
expressions, it is unnecessary to run the risk of creating any, 
by the introduction of a fresh term, which indeed implies that 
heat é matter, a fact which has never yet, and probably never 
will be proved. 

Since then every thing that can be offered upon the subject 
of the nature of Heat, is =m hypothesis, I shall not occupy 
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my readers with a recapitulation of all the anguments that 
have been advanced in support of its materiality on the one 
hand, and its immateriality on the other. 

During the seventeenth century, from the time of Bacon to 
that of Newton, it was the fashion to refer the phenomena of 
heat to a property of matter, to a motion of a peculiar kind. 
Drs. Cullen and Black taught in their lectures the other doc- 
trine, which from the popularity of these professors became 
in their time equally prevalent. Count Rumford in the begin« 
ning of the present century again reverted to the old opinion, 
and his example was followed by Sir H. Davy and Dr. Thomas 
Young, and some of the most popular writers on Chemistry. 

Dr. Thomson thinks the first three effects of heat are best 
explained by considering heat as a substance. “Indeed,” says 
he, “it is difficult to form any clear conception of them upon 
any other supposition. If heat be « peculiar substance, there 
is no difficulty in conceiving, how, by its entering into bodies, 
it increases their bulk, and how the bulk diminishes when it 
is withdrawn. ‘There is no difficulty in conceiving how, much 
more heat may be requisite to produce a given effect upon one 
body, than upon another, or why the specific head of different 
bodies is different, on the supposition that heat is a body; 
though if heat were mere motion, neither the property which 
it has to expand bodies, nor the different capacity of bodies 
for heat could be explained in a satisfactory manner. The ra~ 
diation of heat admits of an equally simple explanation, if heat 
be a body; and so do fluidity and evaporation.” 

‘The last two effects of heat, namely, ignition and combustion, 
are thought by this celebrated Chemist, to derive a more satis— 
factory explanation from the other theory. It is difficult to 
give an intelligible explanation of the phenomena of ignition, 
without supposing that heat and light are mutually convertible 
into each other; and the phenomena of combustion; of the evo- 
lution of heat and light in cases of rapid combination, which 
have sometimes been considered as the result of the union of 
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the opposite electricities, with which the bodies combining to- 

gether were charged, and which at first sight appears plausible, 

are not, he thinks, sufficiently explained by it; since if chemi- 

cal affinity be merely the consequence of different states of 
electricity, and if bodies unite merely because they are in dif- 

ferent electrical states, it is clear that they could not continue 

united, unless these different electrical states were permanent. 

But, if the plus and minus electricity were to combine and fly 

off under the form of fire, there would be an end of the differ- 

ent electrical states which caused the bodies to unite, and, of 
course they would cease to continue united, which is contrary - 
to matter of fact. 

Combustion then is only to be explained on the supposition 
that heat is a property of matter, and since therefore neither 
view is sufficient to explain all the phenomena, it will be best 
to lean to neither; to acknowledge the problem as incapuble 
of solution, at least in the present state of our knowledge. 

In considering the effects of Heat as connected with our 
present subject, it will be convenient to divide them into five 
heads. First. The property of expansion. Second. Specific 
and latent heat. Third. Conduction and Transmission. Fourth. 
Radiation. Fifth. Ignition and Combustion. Under these 
heads, though | must of necessity be concise, | shall endeavour 
to give the substance of what is at present known and its 
practical applications. 

First. The Property of Expansion. This is occasioned by 
the repulsion which exists amongst its particles, in consequence 
of which when heat enters a body, it tends to overcome that 
cohesion which operates amongst its integrant molecules, re- 
moving them to « greater distance from each other. ‘The less 
the cohesive force, the greater will be the expansive effect of 
heat, a5 is exemplified in the three states, in one of which all 
matter must cxist. In solids, the force of cohesion is great, 
and consequently, the expansion trifling; in liquids, the force 
ef cohesion being much tess, jeg expunsion arising from heat 
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is much more considerable; and in aériform or gaseous sub- 
stances, amongst the particles of which the force of cohesion 
is beast of all, the expansion is by far the greatest. 

Tbs fx 00 exception to the law of expansion Ly MEREENE 
universal, and as long as the chemical constitution of the body 
is unaltered, the dilatation increases with the quantity of heat 
that enters into it. 

But different solids do not expand to the same degree from 
equal additions of heat, as may be shown in an interesting 
manner by the following experiment. 

humo iy —_—_ 7 
steel and the other of 7, 2, Way —_ 
brass, (silver and plati- 

‘num answer still better) ae 
and solder or rivet them d+ 3. S 
together as shown in Fig. 1. Now put this compound bar 
upon a heated plate, the steel or platinum being uppermost, 
it will soon warp ax shown in Fig. 2, in consequence of the 
expansion of the brass or silver, being greater than that of the 
steel or platinum; now reverse the experiment, and apply 
cold, and the bar will be found to assume an opposite curve, 
Fig. 3, in consequence of the greater contraction of the brass 
or silver, arising from the loss of heat. 

Many useful processes of art, and important operations of 
nature depend on this law of Heat, and the knowledge of it 
suggests some very useful practical applications, ‘The expan- 
sions and contractions of the metals by heat and cold form 
subjects of serious and careful attention to chronometer ma- 
kers, as will appear from the following statement. 

‘The length of the pendulum vibrating seconds in vacuo, in 
the latitude of London, (51°31’8” North) at the level of the 
sea, and at the temperature of 62° has been ascertained with 
the greatest precision, to be 39+13929 inches; now as the me- 
tal of which it is composed'is constantly subject to variation 
of temperature it cannot but happen that its length is con~ 
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stantly varying, and when itis further stated that if the bob 
be let down ath ofan inch, the clock will lose ten seconds in 
twenty-four hours; that the elongation of>4,cth of an inch will 
cause it to lose one sccond per day, and that a change of tem- 
perature equal to 30° of Fahrenheit will alter its length =>th 
part, and occasion an error in the rate of going of eight seconds 
per day, it will appear evident that some plan must be devised 
for obviating so serious an inconvenience: many very ingenious 
contrivances have been invented with various degrees of suc- 
cess, but we cannot spare the space to enter into a description 
of them here, especially since most of them depend on the 
unequal expansion of different metals, an illustration of which 
has just been offered. 

Wood is occasionally used as a pendulum rod, but it is in- 
convenient from its liability to alteration from atmospheric 
changes. In the construction of the clock of the Royal Society 
of Edinburgh, a slip of marble is employed. 

All the solid bodies with which we are surrounded, are con- 
stantly undergoing changes of bulk, corresponding to the va- 
riations of temperature; in cold weather they shrink and con- 
tract their dimensions, but when the temperature increases 
they expand, their dimensions become enlarged, and these 
effects vary with the materials, 

It is well known that if we pour hot water suddenly into a 
glass tumbler, the chances are that it will crack, but if we 
cautiously warm the glass first, the probability of fracture will 
be much diminished ; this arises from the imperfect conduct- 
ing power of glass, and its consequent unequal expansion by 
heat, when the hot water is poured in, the bottom suddenly 
expands while the sides retain their usual dimensions, a sepa- 
ration is the consequence; but if the whole be previously 
warmed, the sides enlarge as well as the bottom, and no ten- 
dency towards separation is evinced. 

It frequently happens, that the glass stoppers of bottles, 
become from long lying by, so firmly fixed as to render their 
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removal by force, an almost certain means of destroying the 
bottle: this is an unpleasant circumstance that frequently oc 
curs in the Laboratory, The property of expansion by heat 
may here with great success be called to our aid; glass, as has 
been observed being a bad conductor, heat may be applied to 
the neck, by a cloth dipped in hot water, by this means the neck 
will become enlarged, while the stopper will remain unaltered 
in size, it will become loose, and may then be easily removed. 

The methods adopted by coopers in securing the staves of 
vats, barrels, tubs, &c. by hoops of iron put on while hot, and 
by wheelwrights in fastening the tires on the wheels of car- 
riages, are familiar, and every day examples of the application 
‘of this property of heat. 

Amongst solids, the metals are the most altered in dimen- 
sions by heat, and their rates of expansion are best known. 
Lead appears to be the most expansible metal, and platinum 
the least. The following table exhibits the clongation of some 
of the metals and flint glass, on being heated from the freezing 
to the boiling point of water. 

Lead. : Pare gold... Lon 682 
$12 





‘ Flint glass.. 1... 1248 
Tt will be observed that the difference between platinum and 
flint glass is very trifling; of this a very useful application for 
chemical purposes is made. If we were to attempt to fasten 
wires of iron or silver by cementation into glass tubes, on 
cooling they would inevitably separate and become loose; be~ 
cause the heat has a greater effect on these metals than on 
glass, but platinum expanding and contracting in so nearly 
the same degree as glass, may be fastened with complete se- 
curity; and it fortunately happens that this is the metal, which 
from its chemical relations is best adapted for chemical pur- 
poses. 

‘The force exerted by bodies whilst undergoing expansion 
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from heat, is prodigious. ‘This principle was beautifully ap- 
plied by M. Molard, some years ogo, in Paris. The weight of 
the roof of the large gallery of the Museum of Arts and Manu- 
factures exerted such pressure on the walls, that they pro- 
gressively bulged outwards, and the stability of the building 
was endangered. The following plan was suggested, and put 
into execution by the above named able mechanic. A series 
of strong iron bars was carried across the building from wall 
to wall; passing through holes made for the purpose, and se- 
cured by nuts on the outside. In this state, the bars were 
heated by lamps fixed beneath them. They expanded, and 
consequently the nuts which were previously in contact with 
the walls were no longer so. These nuts were then screwed 
up, so a8 to be again in close contact with the walls. The 
lamps were withdrawn, and the bars now allowed to cool, 
they contracted, and drew the walls somewhat nearer together. 
‘The process was repeated several times, till the walls were 
restored to a perpendicular position. 

This immense force of expansion is frequently called into 
operation, in cases where the common observer would little 
expect it. It is not an unusual thing to clamp the cope-stones 
of walls with bars of iron: such bars, if of cast-iron which is 
brittle, often break on the first frost from a tendency to con= 
tract, more than the stone will permit; if of malleable iron, 
they generally crush the stone and loosen themselves in their 
sockets, All metallic structures such as bridges, pipes for 
the conveyance of water, gus, &c., are subject to similar ef- 
fects, and if the parts of such structures be firmly united, 
their unequal expansion may be productive of fracture, in the 
same manner as a glass is broken by hot water, When cast- 
iron pipes are employed to conduct steam or hot air through 
a factory, they are never allowed to abut against a wall or 
obstacle which they might in expanding overturn. 

Dampers placed across chimneys to regulate the draught of 
air, are very apt to split, and thus occasion serious inconveni- 


“The wnoqual expension of jfase i frequently. eurnéd to’ gow 
account in the laboratory; broken vessels may often be con- 
verted into very serviceable ones, by conducting a crack in a 
proper direction by means of an iron rod or a piece of tobacco 
pipe heated to redness; ample instructions for effecting this, 
are to be found in Faraday's invaluable “ Chemical Manipula- 
tion,” a work which ought to find & place in every laboratory. 

Nameroas instraments have been devised for measuring the 
intensity of Heat above the boiling point of mercury, by means 
of the expansion of solids. The first apparatus, pyrometer, 
us it is called, was that of Mr, Wedgewood. It depended on 
a peculiarity of clay, a certain species of which when raised 
to a very intense heat by means of a furnace, is observed to 
contract its dimensions, thus apparently offering an exception 
to the general law. It is not however an exception, for the 
reduced dimensions produced in the clay by the intense heat 
are retained when it is cool, nor is the constitution of the clay 
the same, it has lost water, which fluid, in consequence of its 
powerful attraction for the earth, is so intimately combined 
with it, as to be inextricable except by a very powerful heat. 
Wedgewood’s pyrometer has been long out of use, it did not 
suit the refinement of modern Chemistry, being far too inue- 
curate, 

Professor Daniell has invented a very valuable instrament 
which is shown in Fiy. 4. It consists of a metallic bar a, of 
iron or platinum, which is contained in a tube of well baked 
black lead ware d. The metallic bar is shorter than the tube, 
and a short plug of earthenware is placed in the mouth of the 
tube above the bar, and so secured by a strap of platinum foil 
and a little wedge, that it slides with difficulty in the tube, 
‘The indications of the instrament depend on the difference in 
the expansion by heat, between the metallic bar, and the tabe 
in whieh it is contained; when submitted to a high tempera- 
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ture the plug of earthenware is pushed outwards, by the su- 
perior elongation of the metallic bar, and remains in its new 





position after its contraction on cooling, being retained in its 
place by the plug. ‘The amount of expansion is measured by 
adapting to the instrament an index, ¢, which traverses a cir- 
cular scale before and after the earthenware plug has been 
moved outwards. The degrees marked on the scale are in 
each instrument compared experimentally with those of the 
mercurial scale, and the ratio marked on the instrument, so 
that its degrees are convertible into those of Fahrenheit. 

‘The superior expansive force of heat in liquids, is shown in 
a very simple manner, by putting the common thermometer 
into a jar of warm water, the dilatation of the liquid will be 
shown by its ascent in the stem; now, if mercury and glass, a 
liquid and a solid, underwent an equal degree of expansion 
from the same degree of heat, it is clear that no movement of 
the former in the stem would be perceptible, since, the glass 
bulb being enlarged, an additional space for the increased bulk 
of the mercury is provided, but we find that the floid metal 
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by the Great Creator, in adapting the properties of matter to 
the wants and conveniences of man. 

Most liquids go on diminishing in bulk till they freeze, and 
get specifically heavier; not so water. This fluid obeys the 
usual Jaw from its boiling point to the temperature of about 
AP, after which the abstraction of heat produces increase, in- 
stead of diminution of volume, and at the moment of freezing 
it undergoes an increase amounting to one ninth of its volume, 
which sudden expansion is attended by the exertion of a pro- 
digious force. 

‘The consequence of this peculiarity is, that ice floats on the 
surface of water ;—let us see how this operates in nature :— 
the cold season sets in, and the surface of our rivers and 
lakes become cooled by the contact of cold air and other 
causes. ‘The upper surface of the water sinks, giving place to 
the warmer water from below, this in its turn becomes chilled, 
and sinks, and so on till the whole mass has arrived at about 
40°, eight degrees above the frecsing point, now, however the 
circulation ceases, the upper surface no longer sinks to the 
bottom, it expands as its heat diminishes, and remaining on 
the surface it becomes converted into ice, the imperfeet con- 
ducting power of which, allows of a very feeble propagation 
of cold downwards, and the water therefore at a short distance 
below its surface, maintains an almost unvarying temperature 
of 40°, 

Now, let us look at the inevitable consequences which any 
other arrangement would entail on us. If water continued to 
become heavier, until it arrived at the freezing temperature, 
the whole of it would be cooled to that point before ice began 
to be formed: and the consequence would be that the whole 
body of water would rapidly be converted into ice, to the de- 
struction of every being that inhabits it, Our warmest sum- 
mers would make but little impression on such masses of ice; 
and the cheerful climate which we at present enjoy would be 
Jess comfortable thun the frozen regions of the poles. 

Figs. 5 and6, will perhaps serve to render this property of 
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water intelligible. They are intended to represent two glass 
cylinders filled with water at 60°, 5 4 are tin trays surrounding 


Fig. 5 and 6. 





and closely fitting the exterior of each, is fixed to the top 
of a Fig. 5, and J’ to the bottom of a’ Fig. 6. Both are filled 
with ice, Now the effect of the ice is found to be very dif- 
ferent in these two cases; in both cylinders the temperature 
will be diminished by its first effect to 40°, but when the water 
in a Fig. 5 has reached this temperature, its lower parts re- 
main stationary, while the surface continues to be affected by 
the cold, till it becomes converted into ice, at any rate till it 
reaches 32°, This case may be taken as an exemplification 
of a severe frost on a lake or river, But the action of the 
tray of ice reached the bottom of a’ Fig. 6, is different, the 
water becomes cooled below its point of maximum density 
40°, and consequently rises to the surface, from which the 
denser liquid descends, and so the circulation continues till 
the whole is frozen, or has reached the temperature of 32°, 
thus exemplifying what would take place in a lake, were it 
not for that exception to the general law of liquids, which has 
been stamped upon water by the fiat of the Almighty Creator, 

Fig. 7 represents an amusing experiment that may be made 
to illustrate the circulation of the currents of hot and cold 
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water, which takes place when heat is ap- 
plied. A few particles of bruised amber 
may be thrown into a test tube of water, 
and the bottom gently heated. ‘The arrows 
represent the solid particles rising from the 
centre of the bottom, and driving down the 
colder particles from the top. 

Aériform or guseous bodies are in general 
of the three forms of matter, most affected 
by alteration of temperature, and unlike 
solids or liquids are all affected alike; so 
that when the expansion and contraction 
of one of the pure aériform substances are 
accurately determined, we gain a know- 
ledge of the expansions and contractions of 
all the rest; and this is to Chemists of the 
utmost importance, os will appear here- 
after. 

The law of dilatation in gases was discovered nearly at the 
sume time by Dalton and Guy Lussac. From the experiments 
of the latter, it appears, that 100 parts of air in being heated 
from 32° to 212° Fahr: expand to 137°5 parts. The increase 
for 180 degrees is therefore 0-375 or \4;)ths of its bulk: and 
by dividing this number by 180, it is found, that a given quan- 
tity of dry air dilates to -t;th of the volume it occupied at 32, 
for every degree of Fubrenhcit’s thermometer. 

Having ascertained this, it is easy to find what volume any 
given quantity of gus should occupy at any given temperature. 
Suppose s certain portion of gas to occupy twenty measures 
of a gradoated tube at 32°, it may be desirable to determine 
what would be its bulk at 42°, For every degree of heat, it 
has increased by ~jsth of its original volume, aud therefore 
since the increase amounts to ten degrees, the twenty measures 
will have dilated by j44ths. The expression will therefore be 
20420 x9, = 20°416. It must not be forgotten that the yo- 
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lume which the gas occupies at 32°, is a necessary element in 
“ such calculations. ‘Thus having 20-416 measures at 42°, 
bulk for 52° cannot be calculated by the 
Poe 20-416 + 20-416 4%; the real expression is 204164 
20 ve because the increase is only gyyths of the space oceu- 
pled at 32°, which Is twenty measures.” —Turner’s Chemistry. 

The following rules for reducing any given volume of gas, 
to the mean temperature 60°, and the mean barometric pres~ 
sure 30 inches, may be usefully inserted here. 

Although the increase is not ~both of the bulk at 60°, the 
proportion is easily ascertained by adding 28 (= to the num- 
ber of degrees of the observed gas above 32°,) to 480, which 
producing 508, indicates that —j,th part of the bulk at 60°, is 
tobe considered as the increase or diminution for every degree 
‘of change: because, supposing 480 parts of gas at 32°, at 35° 
they become 481 parts, and at 60° 508 parts, the increase being 
both of the volume at 32°, and of consequence such part of 
the volume at any temperature, as is indicated by adding the 
number of degrees above 32° to 480°, 

‘The rule is therefore -— 

Add to 480, the number of degrees above 32°, divide the 
observed volume by this sum, this gives the expansion or con- 
traction for each degree, at the observed temperature, multiply 
this number by the number of degrees between the observed 
temperature and that to which the gas is to be corrected, which 
will of course indicate the whole expansion or contraction ; if 
the observed be above the corrected temperature, sublract, if 
below, add it: thus allowing for the contraction or expansion 
that would actually take place, if the temperature of the gas 
were really to be brought to the point to which by calculation 
it may thus be corrected. 

For example — 

To correct 100 cubic inches of gas at 70°, to the mean tem- 
perature 60°. 

Difference between 32° and 70° = 38. 
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38+4.480=518 then {7g = 019305 of a cubic inch = to the 
whole expansion for ench degree, then, 

0:19305 x 10 = 19305 cubic inch = to the whole expan- 
sion, therefore 

100 = 19305 = 980695 = to the volume the gas would 
occupy at 60? 

For temperatures below 60° the plan is the same, except that 
the whole expansion must now be added not subtracted. 

Correction for pressure. 

Compure the observed height with 30 inches, or the mean, 
and increase or diminish the observed volume inversely in 
the same proportion, Suppose 100 cobic inches to have been 
observed when the mercury stood at 30-7 inches, then :— 

As 30 5 30-772100 ; 102333, 

Suppose the mercury to stand at 28-9 inches. 

As 30 : 28:9::100 : 96-33. 

Or to give a case more likely to occur in the laboratory. 

Suppose twenty cubic inches standing over mercury in a jar 
the Jevel of the fluid within, being three inches above that 
without, and the barometer at 20-4, then the three inches of 
mereury within the j jar, counterbalancing tliree inches of ba- 
rometric pressure, instead of 294, the latter is effectively only 
264 and ies jon will be 

As 30 ; 26-47:20 2176 c. i. 

It is of no ities which correction is made first, that 
for pressure or temperature; for example, one hundred cubic 
inches observed at 40° thermometer, 28 barometer, corrected 
first for pressure =93°33 c. i. then for temperature =97-158469 
= to the true volume: or corrected first for temperature = 
104-09836, and then for pressure, it becomes 97°158469 as 
before, 

‘These details may appear somewhat dry, but it is hoped 
their importance will be a sufficient excuse for their insertion. 

‘The first instrument that was devised for indicating varia~ 
tions in the intensity of heat, is usually ascribed to Sanctorio, 
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about the year 1590, It is called the air Fig, 8, 
thermometer, and is shown in Fig. 8. It 
consists of a hollow glass globe attached to 

along stem B, open at the opposite extre- 

mity. A portion of airis expelled from it 

by the expansive power of heat, and the end 

of the tube is then immersed in the vessel c, 

containing a coloured liquid, which is al- 

lowed to rise into the tube as the air con- 

tracts by cooling. When heat, that of the 

hand for instance, is applied to the bulb, 

the air in itis expanded, and depresses the 

column of coloured fluidin the tube. This 
instrument though extremely sensible to 

minute variations of temperature, is liable 

to the objection of being influenced by barometric changes 
of the exterior atmosphere, 

From this objection the mercurial thermometer is free, and 
is consequently the only onc in general use; its construction 
requires very particular attention, and the total expulsion of 
atmospheric air by well boiling the mercury, in the bulb, is 
quite essential to its perfection. 

‘The mercurial thermometer is graduated by first plunging 
its bulb into melting ice, and marking on the stem, the point 
to which the mercury falls, which is always uniform, ‘This 
serves for a starting point; another fixed point is obtained by 
plunging the instrument into boiling water, by which the mer- 
cury will uniformly rise to the same height, provided certain 
precautions are attended to, the principal of which is, that the 
barometer be observed to stand at 29'8 inches when the boil- 
ing point is taken, The reason of this will be hereafter ex- 
plained. 

‘The space between these two points in the stem may be 
divided in any manner provided each degree is strictly the 
same, and the scale may be prolonged above and below these 
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points, till the mereury boils or is converted into vapour, on 
the one hand, or frozen or solidified on the other. 

There are however only three scales in use. Fahrenheit’s, 
which is generally adopted in this country, in which the space 
between freezing and boiling is divided into one hundred and 
eighty equal parts; the Centigrade scale which is generally 
used over the continent, and in which the space is divided 
into one hundred equal parts; and Reaumur’s scale, used in 
the North of Germany, in which it is divided into cighty 
parts. Of these, the second seems the most convenient, us it 
commences at 0, while in our scale from a whim probably of 
the inventor, but for no other assignable cause, the freezing 
point is fixed at 82° which brings the boiling point to 212°. 

Figs. 9, 10, and 1. 











Figs. 9, 10, and 11, show the relation between these scales, 
and the following rule may be useful for converting Centigrade 
degrees into degrees of Fahrenheit. Since one hundred de- 
grees of the former, are equal to one hundred and eighty 
degrees of the latter, ten to cighteen and five to nine; multi- 
ply the Centigrade degrees by nine, and divide by five, and add 
32, the result will give the porresponding number of Fahren- 

at 
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heit. Thus to find the degree of Fahrenheit, corresponding 
with 60° Centigrade. 
oo 
9 
5 540 
108 
32 


140 


For measuring degrees of cold, below the freezing point of 
mercury, (— 39 F.) we must be guided by the contractions of 
spirits of wine, or alcohol, which has never yet been reduced 
to the solid state, by means of it 130 degrees below zero have 
been marked, and this is probably the lowest point to which 
we have descended, and we are consequently quite ignorant of 
the real zero of heat. The scale of temperature has been 
aptly compared to a chain extended both upwards and down- 
wards beyond our sight. We fix upon a particular link, and 
count upwards and downwards from that link, and not from 
the beginning of the chain. 

Professor Graham gives in his valuable Elements of Che- 
mistry, now coming out in numbers, the following interesting 
circumstances in the range of temperature. 

— 135° Fahrenheit. Greatest artificial cold—Thilorier. 


-iar° Solid compound of alcohol and carbonic 
acid melts. 

- gr. Greatestartificial cold measured by Walker. 

— 5. Temperature of planetary space.—Fourier. 

- 6 .. Greatest natural cold observed by Ross. 

- 5°. Greatest natural cold observed by Parry. 

- 7 .. Melting point of solid mercury. 

-7 .. A mixture of equal parts of alcohol and 
water freezes. 

+P .. A mixture of one part of alcohol and 


three parts of water freezes. 
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+ 20° Fahrenheit. Strong wine freezes. 

+ 188 Ths Ice melts. 

+ 50 . Medium temperature of the surface of the 
globe. 

SBME ae. Mean temperature of England. 

9 EY ss: Heat of human blood. 

+ 150°... Wood spirit boils. 

+ 172) .. Alcohol boils. 

+ 217 =. Water boils. 

+ 442 - ‘Tin melts. 

+ 5°. Lead melts. 

+ cor... Mereury boils, 

+ 90P Red heat,— Daniell. 

+ IMP “s Heat of a common fire. —ditto. 

+ 186. Brass melts.— ditto. 

+ 22338. Silver melts.— ditto. 

+ MP df Iron melts. — ditto. 


Second. Specific und Latent Heat. It has been stated, 
that different solids and liquids undergo different degrees of 
expansion, from the samc quantity of heat, we have now 
farther to observe that equal bulks of different substances re~ 
quire the addition of different quantities of heat, to produce 
the same change of temperature. 

‘The heat entering in this manner into the composition of 
various substances, is called their specific heat, and may be 
thus conveniently illustrated. 

‘Take a pint of water at 100° and mix it with a pint at 50°, 
the thermometer will indicate the temperature of the mixture 
to be 75°, which is as might be expected, being the precise 
arithmetical mean: now mix a pint of mercury at 100° with 
@ pint of water at 40°, and it will be found that the resulting 
temperature is not the mean 70°, but 10° lower, viz.—50°, so 
that the quicksilver will lose 40°, whereas the water will only 
gain 20°: notwithstanding which, it is clear, that the water 
has gained the whole heat that ae quicksilver has lost. Henoe 
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water has a greater capacity for heat than quicksilver, or it re~ 
quires a larger quantity of heat to raise it toa given temperature. 

Aguin :—Take two similar glass bulbs, one containing water, 
and the other mercury, and immerse them at the sume time 
in hot water, it will be found that the mercury bulb is heated 
up to the temperature of the water, in half the time that the 
water bulb requires; and if the two bulbs after haying both 
attained the temperature of the water, be removed and ex- 
posed to the air, the mercury bulb will cool twice as rapidly 
as the other. All these experiments concur in proving that 
water has twice the capacity for heat that mercury possesses. 

What is termed the specific heat of water, is not however 
to mercury as two to one. Since it is more convenient to ex- 
press the capacities of different bodies with reference to weight 
than to measure, a pound of quicksilver at 40° agitated with 
® pound of water at 156°, produces « temperature of 1523. 
‘The water thus losing only 3°7 of temperature, and the mer— 
cory gaining 112°3. Now 3°7 : 112°3 :: 0-033: 1; conse- 
quently if water be taken as the standard of comparison as 
unity, the specific heat of quicksilver must be called 0-088, 
or, if which is more convenient, the specific heat of water be 
taken as 1000, then that of mercury will be 33, 

Here we again have occasion to pause and admire the wis 
dom and benevolence of the Great First Cause, and to con- 
gratulate ourselves on the opportunities which science is per- 
petually affording us, of gaining distant gleams of the beauty 
and a@conomy of the scheme of creation, opportunities which 
should be hailed with delight, and which ought to produce the 
effects for which it cannot be doubted we ure permitted to 
learn them. 

‘Water has of all bodies, whether solid or liquid, the greatest 
capacity for heat, and water covers four-fifths of the surface 
of onr globe. What an immense magazine of heat is here! 
and how great and beneficial its influence in equalizing atmos- 
pheric temperature ! 


i 
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‘The most successful method of determining the specific heat 
of bodies, is to allow them to cool a given number of degrees, 
under circumstances precisely similar, enclosing them for in- 
stance in a highly polished vessel containing a thermometer, 
and standing under the exhausted receiver of an air‘pump. 
Dalong and Petit thus obtained the capacity for heat of the 
following substances, 

Water.... 1000 
Sulphur... 188 
Glass..... 117 


Irom...» 10 





It must however be observed that it was ascertained by the 
game experimentalists in a very careful manner, that the spe- 
cific heat of bodies increases as their temperature rises: so 
that it requires more heat to raise them a certain number of 
degrees when at a high, than when at a low temperatare. 

Tt may be shown also by familiar examples, that the capaci- 
ty of bodies for heat, is very materially affected by their den~ 
sity. Suddenly compress a metal and it will become hot, be- 
cause its capacity for heat is diminished; blacksmiths fre- 
quently light their fires in the morning by dexterously dealing 
a few heavy blows with a hammer on a picce of soft iron, the 
temperature of which becomes thereby sufficiently elevated to 
ignite a brimstone mutch. Indian rubber again becomes warm 
when stretched out, as may be proved by drawing it across the 
lip. 

Tn fluids a very striking case is presented by mixing together 
sulpharic acid and water. It is found that sufficient heat is 
produced to boil water immersed in it in a test tube, and at 
the same time it may be noticed that the volume of the mix- 
ture is not the sum of the two fluids when separate, but less, 
showing a condensation to have taken place, which accounts 
for the diminution of capacity for heat. Alcohol and water 
present the same phenomena though in a much less degree. 
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Tu aériform bodies an mizsscme cute is Fig. 12. 
presented in the fire syri 
is merely an air-tight Tue 
is fitted a well packed and urn: 
bottom of which is tumusies wi: 
of retaining & piewe of dey Germar simder: 
on suddenly forcing iu the piston. amé com 
pressing the air in the made, suffcien: beat 
is developed to ignite the tinder, hh re 
quires some Little address te insun the it 
uition of the tinder. whic 
acquired. 

Persons who have ascended 2s haioans 
have always experiened & duminndion of 
temperature, increasing with the beicht: 
and on the other hand. those who have de~ 
scended to great depths under the surface of the earth, in 
mines, have observed tha; the beat increases as they descend. 

The cold on the sammii of the Andes although these moun- 
tains rise in the midst of buruing plains and almost under the 
line, is well known to be most intense. while the climate about 
half way up is cenial and pirasant. These extraordinary dif- 
ference in temperature. are well explained on the principles 
we have been adverting to: as the air heowmes specifically 
lighter, which it does as it increases in distance above the 
earth’: curface, its capacity fur beat is increased. it therefore 
onde iteelf a» well a» the surrounding bodies: on the other 
hand, a it tesonmes specifically heavier. which it does as it 
increamn in distance beiow the earth's surface, its capacity is 
ditinin, and onexqacntly heat is evolved. 

Wigh-prereure: swans presents another remarkable instance 
“A altervion in epscific beat from change in density; a stream 
«A it jexuing fren a small aperture into the atmosphere, instead 
A wealsing Soole wareely warm to the hand held in it. Pro- 
few Brands: gives alo the following case in point. “A part 
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of the machinery for working the mines at Schemnitz in Hun- 
gary, is a perpendicular column of water two hundred and 
sixty fect high, which presses upon a quantity of air enclosed 
ina tight reservoir. This air is consequently condensed to an 
enormous degree by this height of water, which is equal to 
between eight and nine atmospheres; and when a pipe com- 
municating with this reservoir of condensed air is suddenly 
opened, it rushes out with extreme velocity, instantly expands, 
and in so doing it absorbs so much heat as to precipitate the 
moisture it contains in a shower of very while compact snow, 
which may readily be gathered on a hat held in the blast. ‘The 
force of this is so great that the workman who holds the hat 
is obliged to place his back against the wall, to retain it in its 
position.”"—Brande"s Chemistry. 

It was mentioned in the last lecture, that the philosopher 
who first investigated the phenomena of latent heat, and who 
by the inquiry contributed so much to Experimental Philosophy, 
was Dr, Black, about the year 1757. Before this period, it 
was supposed that the state of fluidity was occasioned by the 
addition of # very small quantity of heat to » solid, when once 
raised to its melting point, and this was, prima facie a reason- 
able supposition, it was also and with equal appearance of 
probability imagined that during the conversion, no greater 
addition of heat was reccived than the thermometer indicated, 

It very frequently happens that facts which we have every 
day an opportunity of observing are disregarded however eu- 
rious they may be, whilst those that occur rarely are much 
more likely to arrest our attention! In consequence of this 
eraving for novelty, many highly interesting particulars escape 
‘us, till some master-mind, some philosophic spirit interposes, 
and opens from old materials, a new and extensive field of 
inquiry. 

‘Thousands must have observed before the time of Black, 
that however cold ice may be, it soon becomes heated to its 
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melting point when brought into a warm room, bat that mever- 
theless it is a long time before it is entirely re-converted into 
water, and that a heary snow always remains on the gronnd_ 
for a very long time after the breaking up of a frost, its re~ 
conversion into water being exceedingly gradual. Now, ifthe 
state of fluidity be occasioned by a small addition of heat to a 
solid raised to its melting point, the ice and snow ought to 
vanish presently, the heat continuing to be accumulated from 
the air around. ‘This occurred to Dr. Black, who immediately 
set about inquiring what becomes of the heat that must keep 
continually entering the ice, without producing its liquefaetion. 

Ifa piece of ice be suspended in a warm room, the effect of 
the warm air, is rendered evident by the stream of cold air 
that constantly descends from it, and which may be felt on the 
hand. If the drops of water as they fall from it, be received 
on the bulb of a thermometer, the instrament will indicate 
the same temperature as the ice itself: viz —32°, 

Dr. Black made the following experiment:—He filled two 
similar globular glass vessels with water, one was afterwards 
frozen, and the other cooled as nearly as possible to the same 
point; they were then carried into a room the temperature of 
which was 47°, there being no other difference between them 
than that one contained water and the other ice. In half an 
hour the vessel containing the water had acquired the tem- 
perature of 40°; but in the other it required ten hours and a 
half to melt the ice, and to raise the water to 40°, 

Now the access of heat being in both cases the same, and 
at the rate of 7° per half hour, it follows that in twenty-one 
half hours (the time required to thaw the ice, and elevate the 
temperature of the water to 40°,) it would have received 7 x21 
=M47°. The difference therefore between the increase of 
temperature in the ice, and water vessels, with equal accessions 
of heat is one hundred and forty degrees, which will express 
the quantity of sensible heat rendered ¢atent by the operation 
of liquefaction. 





LATENT HiaT. : 61 


The same number is brought out by other methods of ex~ 
perimenting. Equal weights of water at 32° and 212°, will, 
as we have shown before, produce on mixture the mean tem~ 
perature of 122°: but equal weights of ice at 32°, and water 
at 212°, only produce after the ice has melted a temperature 
of 32°, the water loses 160°, while the ice acquires only 20°3 
now 160°—20°, gives 140° as before, for the quantity of beat 
expended in changing the ice to water; for the quantity of 
latent heat on which the fluid state depends. But this heat is 
not annihilated, although to the feeling, and to the thermome~ 
ter it is insensibles this is proved by the following experiment, 
also made by Dr. Black. When the thermometer stood at 
22° in the open air, he exposed two similar vessels, one full of 
water, and the other of brine, both at 52°; both lost heat till 
they were cooled to 32°, after which the brine (which does not 
freeze till cooled down to 4°) continued to lose heat without 
interruption, and gradually reached 22°, the temperature of 
the air, but the pure water remained stationary at 32°, when 
ice began very slowly to form; now, can any thing be plainer 
from this experiment, than that the reason of the water refu- 
sing all of a sudden to give out heat, is, that its temperature 
was maintained by the heat which it absorbed during its lique- 
faction, and which it slowly evolved during its conversion into 
ice? 

Dr. Thomson has concluded from many experiments, that 
the quantity of ice which forms suddenly on the agitation of 
water, cooled down below the freezing point, bears always a 
constant ratio to the coldness of the liquid before agitation, 
and that from analogy it was probable, that for every five de- 
grees of diminution of temperature below the freezing point, 
without congelation, one twenty-cighth of the liquid freezes 
suddenly on agitation. Therefore, if water could be cooled 
down twenty-cight times five degrees below 32° without con- 
gelation, the whole would congeal instantancously on agitation, 
and the temperature of the ice would be 32°. Now, observes 
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Dr. Thomson, it deserves attention, that 5 x 28 = 140, gives 
us precisely the quantity of heat which, according to Black’s 
experiments enters into the ice, in order to convert it into” 
water. Hence it follows, thatin all cases, when water is cooled: 
down below 32°, it loses a portion of the heat which ix pe- 
cessary to constitute liquidity. " 

It is now seen why the point from which the graduation of 
the thermometer is taken, is always the same, the temperature 
of melting ice or snow never exceeding 32° Fahrenheit, and 
it also appears why snow and ice remain on the ground so 
long after the breaking up of a frost, for since water after 
being cooled down to 32°, cannot freeze till it has parted with 
14° of heat, so ice, after being heated to 32°, cannot melt till 
it has absorbed 140° of heat, and hence we are spared from 
those overwhelming visitations of water, which would other- 
wise invariably attend the breaking up of severe frosts, at~ 
tended with heavy falls of snow. 

‘The quantity of heat required for liquefaction, is by no 
means the same for all substances, the following table exhibits 
the latent heat of a few, as determined by Dr. Irvine. 

Bees’ wax. 175° ~» 500. 
Zinc....., 493° Bismuth... 550° 

It Spears also that solids admit of a variation in their struc~ 
ture and properties, from the assumption or loss of latent 
heat: sugar presents a very remarkable instance. If melted 
and allowed to cool to about 100°, and then while it is still 
soft and viscid, be rapidly and frequently extended and doubled 
up, tll at last it consists of threads, the temperature of the 
mass quickly rises so as to become insupportable to the hand. 
Applying the thermometer, Dr. Graham found the temperature 
of = considerable mass to rise from 104° to 175° in less than 
two minutes. After the liberation of heat, the sugar on again 
cooling is no longer a glass, but consists of minute grains, and 
has a pearly lustre. 

‘The loss of sensible heat in liquefaction is the basis of many 
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artificial processes for producing cold. 


A table of convenient 


mixtures with the cold produced is given underneath. 


























Mictures. Parts. | Thermometer sinks. 
Muriate of ammonia 5 
4 From 50° to 10° 
16 
1 
1 From 50? to 4° 
Sulphate of soda. 5 
Diluted sulphuric acid 4 | From50° tos 
1 
1 From 32° to 0° 





~ Murinte of lime. 





From 32° to — 50° 































2 

2 
Diluted sulphuric acid . 1 From—10° to—56° 
Diluted nitric acid. 1 
Snow or pounded ice ~2 
Common salt. ... 5 From 18° w—25° 
Nitrate of ammoni 5 
Mariate of lime. Fi From—40° to—73° 
Diluted sulphuric aci oY pee 
Snow. 8 














On looking at the fourth mixture, in the above table it will 
be scen, how dangerous is the common custom of sprinkling 
common salt on the snow lying on the stones af. street doors s 
it is true the objectionable substance is thereby removed ; but 
how injorious must be the diminution of temperature from 


32° to OF ! 


The ices that are used at table in summer are made by 
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mixing roughly pounded ice, and salt together, and immersing 
the cream or other liquids to be frozen, contained in a thin 
metallic pan in the cold brine which is produced by the melt- 
ing of the ice; but in the absence of ice, a very convenient 
substitute may be found in sulphate of soda, which dissolves 
in undiluted hydrochloric, (muriatic acid of the shops,) to a 
greater extent than in watcr, and the temperature sinks from 
SF to P. The vessel in which the mixture is made, becomes 
covered with hoar frost, and water in a tube immersed in the 
mixture is speedily frozen. 

‘The muriate of lime mentioned in the foregoing table, is 
uscd in its crystalline state, in which it is prepared, by dis- 
solving marble or chalk in hydrochloric acid, and evaporating 
at a temperature of about 300° stirring it as it becomes dry, 
it is thus obtained in the form of a crystalline powder, being a 
combination of chloride of calcium with two atoms of water. 

When it is attempted to freeze mercury, not less than three 
or four pounds of the materials should be employed. The 
metal is first cooled considerably by one portion, and then 
transferred into another, by which it rarely escapes being 
solidified. ‘ 

By the evaporation of highly volatile liquids, fluid carbonic 
acid for instance, the most intense cold yet known is produced. 
Carbonic acid was first liquefied by Dr. Faraday, and Thilorier 
has constructed an apparatus, which we shall describe in the 
proper place, for obtaining the liquid acid in large quantities. 
When this liquid is allowed to escape from the reservoir by a 
small jet, a portion of it is frozen by its own evaporation, and 
forms a white soft mass like snow, which may be handled and 
does not evaporate very readily owing to its low conducting 
powcr, though its temperature cannot be more than —148°, 
With a little cther the solid acid forms a semi-fluid mass, by 
means of which mercury can be frozen in considerable quan- 
tities, and which if received on the hand occasions a very 
painful sore, which is very difficult to heal, and which is pre- 
cisely similar in appearance and feeling to a burn. 
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TIRS—CONATANCY OF THE BOILING POINT OF LIQUIDS 
UNDER SIMILAR CIRCUMSTANOES—LATENT NEAT OF VA- 
POURS. —BOILING POINT VARIES WITH THE ATMOSPHERIC 
PRESSURE.—~ILLUSTRATION.—EVAPORATION AT LOW 
TEMPERATURES—NO SAVING OF YUEL.—SUM OF SENSIDLE 
AND INSENSISLE MEAT OF STEAM THE SAME AT ALL TEM- 
PRRATURES.—ILLUSTRATION.—HEATING NY STEAM—STEAM 
ENGINE—SPONTANEOUS EVAPORATION—WOLLASTON’S CRY~ 
OPNORUS.—THE SAME LAWS OBTAIN IN THE FORMATION 
OF VAPOURS AT LOW, AS AT HIGH TEMPERATURES—HENCE 
THE COLD PRODUCED BY SPONTANXOUS KVATORATION.— 
APPLICATION OF EVAPORATION IN THE ARTS—=VAPOUR IN 
THE ATMOSPHERE—HYGROSCOPES—DALTON’S METHOD OF 
FINDING TH DRW-POINT—DANIELL'S AND MASONS HYGRO- 
METERS—DISTILEATION—LIEBIG'S CONDENSING TURK— 
CONDUCTION—HEAT 18 COMMUNICATED AMONGST THE PAR- 
TICLUS OF SOLIDS IN A VERY DIFPERENT MANNER FROM 
ITS PROPAGATION THROUGH LIQUIDS.—DIFFERENGE OF 
CONDUCTING POWER IN DLERKRED 
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AND VORBES’S EXPERIMENTS.—RADIATION—EXPERIMENTS: 
OF LESLIE—THE DIFFERENTIAL THERMOMETER—APPLIED 
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BY PICTET AS A PHOTOMETER—SOLAR AND TERRESTRIAL 
RADIANT HEAT—MELLONI’S EXPERIMENTS ON THE TRANS- 
MISSION OF HEAT THROUGH TRANSPARENT BODIES—EQUI- 
LIBRIUM OF TEMPERATURE.—WELLS’S THEORY OF THE 
FORMATION OF DEW—CONDUCTION AND RADIATION 
PROBABLY REFERABLE TO TUE 8AME NATURAL LAW.— 
EXISTENCE OF A CENTRE HEAT.—CONCLUSION OF SUBJECT. 


We now come to avery general and important effect of 
heat—evaporization, or the conversion of solids and liquids 
into impalpable aériform matter, resembling common air in 
its mechanical properties. 
pour of water, steam, is the most familiar example 
effect of heat, in this instance the increase of volume 
which accompanies the change of state is prodigiously great ; 
a cubic inch of water expands into one thousand six hundred 
and ninety four cubic inches of steam, the same quantity of 
alcohol into six hundred and fifty nine cubic inches, and of 
ether into four hundred and forty three. The densities of 
these vapours are of course very different. Steam is lighter 
than atmospheric air, in the proportion of about ten to sixteen, 
but the vapours of alcohol and ether are much heavier. The 
specific gravity of the former being 1-61 and that of the latter 
258. Air being one. 

Numerous highly important facts have been discovered con- 
nected with the phenomena of vaporization, and particularly 
with the formation and peculiarities of steam, which, from its 
immense importance in the every day occurrences of life, is 
attended with an intense degree of interest; and as these 
Lectures are addressed more particularly to the uninitiated in 
science, it is presumed that no apology is required for going 
over this well explored ground somewhat in detail. 

The high end and aim of science is to draw our attention 
to, and excite our admiration of the Almighty Creator, by un- 








VAPORIZATION. 67 


folding some of the innumerable proofs of design and adapta- 
tion displayed in the properties he has conferred on matter, to 
show how fraught with importance peculiarities at first sight 
trivial and apparently accidental arc, and to multiply the al- 
ready immense collection of proofs that nothing is made in 
vain, and that man is endowed with reason and intelligence to 
enable him to trace relations and causes, and to dru from 
the rich and fertile soil of nature, riches, compared to which, 
gold and silver are but as dross, and to apply them to their 
destined uses, 

Look to every branch of civilized life, and see if you can 
find one, that is not indebted, deeply indebted to steam; look 
back to the times when its properties were unknown, compare 
them with the present, and see if you will not be obliged to 
admit that the vapour of water has been mainly instrumental 
in effecting those immense changes and improvements that 
will on all sides meet your cye, and then reflect that a few 
simple experiments, made with simple materials, but by an 
acute and powerful genius, were the foundation of these won- 
derfal alterations, and refuse if you can to allow the triumph 
of reason, and the purpose for which it was given to man. 

Now the first thing that arrests the attention in considering 
the properties of steam and other vapours, is the constancy 
under similar circumstances of the boiling points of the liquids 
from which they are produced, and the permanence of that 
temperature during the whole process of vaporization, Sup- 
posing a quantity of ice-cold water set over a steady fire, takes 
thirty minutes to reach the boiling point 212° F. barometer 
29'8; it will take one hundred and fifty minutes to boil away 
entirely, the same heat being maintained, still it will not get 
hotter; apply the test of the thermometer at what time you 
will, and you will find the mercury will constantly rise to the 
same mark 212°, the barometer standing at 29-8 in. 

‘There is then here an apparent annihilation of heat, but let 
us see if Dr. Bluck’s theory of latent heat cannot usefully be 
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applied in explanation ; that it can, and that it is owing to th 
same cause as the conversion of solids into liquids, namely 
to the combination of a certain dose of heat with a liqui 
without any increase of temperature, will appear from the fol 
lowing experiments. 

First. In the experiment above alluded to, we suppose 
certain quantity of water to be thirty minutes in rising fron 
32° to 212°, or 180°, and that it takes one hnndred and fift 
minutes to boil entirely away; now the increase of tempera 
ture is in this case six degrees per minute, and it is perfect! 
reasonable to suppose that the same quantity of heat enter 
the water every minute during the whole operation, and is oc 
cupied in converting it into steam; if so, 6x 150=900° wil 
represent the whole quantity of heat which has entered th 
water, and become latent under the form of steam. 

Second. If water be for- Fig. 13. 
cibly compressed in aPapin’s 
digester, Fig. 13., it may be 
heated to 400° without boil- 
ing, but the instant the cock 
is opened, part of the water 
rushes out violently in the 
form of stcam, and the re- 
mainder sinks to 212°; now 
as about one fifth of the wa- 
ter is converted into steam, 
that steam must contain not 
only its own 188° rendered 
latent by sinking from 400° 
to 212°, but also the 188° 
lost by the other four parts, 
or 188 x 5=940? of heat, the 
presence of which is not in- 
dicated by the thermometer. 

Third. Water placed in a small thin glass vessel, sur 
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rounded with ether, and put under the receiver of an air pump, 
the air being suddenly drawn off, is frozen, while the ether 
enters into ebullition; here, it is plain that the vapour of the 
ether mast carry off the heat from the water; und again, under 
similar circumstances, water, however hot, ls soon reduced to 
the temperature of 70°, which shows that the heat must com- 
bine with the vapour and become latent. 

It is now generally ussumed that during the conversion of 
water into steam, as much heat disappears as is capable of 
raising one thousand times as much water by one degree: the 
experiments of Dr. Black gave 960° as the latent heat of steam; 
those of Mr. Watt 940°; and those of Lavoisier rather more 
than 1000°, 

‘These experiments account then perfectly for the fact that 
the sensible heat of water docs not alter during ebullition, and 
also for the progressive and steady nature of the process; were 
it not so indeed, and did it happen as was formerly imagined, 
that fluidity and vaporization are caused by small additions of 
heat to solids and fluids raised to their fusing and boiling 
points, @ tea-kettle could not be placed on the fire without im- 
minent danger, for immediately on the water reaching 212° 
the whole would burst into steam with terrific violence. ‘This 
is in fact the case in the distillation of sulphuric acid, unless 
very great care be taken, for the specific heat of its vapour is 
very small, and it frequently happens that when it begins to 
boil, sudden explosions of dense vapour rush forth from time 
to time, exposing the retort to great danger of fracture, 

If the process of boiling be attentively observed in a glasa 
vessel, several instructive facts may be gathered. First. The 
air mechanically diffused through the liquid will be observed 
to pass off in the shape of minute bubbles; next, as the water 
gets hot, larger bubbles will be seen to form at the bottom, 
which rise higher and higher, getting smaller and smaller, till 
they disappear; as the water gets still hotter these bubbles rise 
higher towards the top, their eetign get quicker, a bubbling 
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agitation commences, and the water boils. These bubbles are 
stcam. Now it will be further remarked that the steam as it 
rises in the neck of the flask is invisible, but as it issues from 
the mouth it presents a smoky appearance, which we are in- 
deed in the habit of associating with it, secing it issuing from 
the mouth of a tea kettle, urn, &c., but it must be observed 
that in these cases we scc the steam when it is beginning to be 
condensed, and not in its pure form, and if the vapour as it 
rushes from the mouth of a tea-kettle boiling briskly, be at- 
tentively observed, it will be remarked that the smoky appear- 
ance docs not present itself at the entrance of the spout, but 
some little distance from it, when it has mixed with a sufficient 
quantity of cold air to occasion partial condensation, 

‘The temperature at which water boils, is marked on ther- 
‘ers 212°, but it is by no means invariably at this point, 
being entircly dependent on the degree of atmospheric pres- 
surc to which it is at the time subject, and it cannot boil till 
‘s have acquired a degree of elastic force sufficient 
to overcome this pressure. Air though cight hundred and 
fifteen times lighter than water, exerts an cnormous but con- 
stantly varying pressure upon the carth’s surface. It has been 
calculated at about fifteen pounds to a square inch, or on the 
body of a man of ordinary size not less than fifty tons, though 
in consequence of the cavities of the body being filled with 
equally clastic air, counterbalancing this enormous weight, no 
inconvenience is felt. 

This atmospheric pressure is subject to a variation amount- 
ing to one tenth of the whole, which affects the boiling point 
of water to the extent of four and a half degrees. Thus, when 
the mercury stands at 
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It follows from this, that a difference in the boiling point 
ought to be found at heights above and depths below the sur- 
face of the earth, and this is the case. Saussure found that 
at the top of Mont Blanc water boiled at 187°, and an in- 
strament has been devised by the Rey. Mr. Wollaston for 
wscertnining the heights of mountains on this principle, By 
it he found that an clevation of five hundred and thirty feet 
makes a diminution of one degree in the bviling point. The 
following interesting experiment will serve 
to show the influence of diminished pres- 
sure in facilitating ebullition. — It consists 
of a Florence flask, Fig. 14, furnished with 
a stop cock; if a little water be poured 
into this vessel it may be readily boiled 
over a spirit lamp, and if, when the steam 
is freely escaping, the cock be shut, and 
the lamp removed, ebullition will soon 
cease, but on immersing it in a jar of cold water it will instantly 
recommence, and again cease on plunging it into another jar 
of hot water, presenting the apparently paradoxical phenome- 
non of water boiling by cold, and ceasing to do so by heats on 
attending however to whut takes place, we shall find the fact 
susceptible of easy explanation. 

By the first application of heat, the air is expelled from the 
neck of the flask, and its place is supplied by vapour from the 
water, now, when the flask is immersed in cold water, the 
stop-cock being shut, the vapour is condensed, and a vacuum 
produced, beneath which the water boils at a very much di- 
minished temperature; when however the flask is plunged in 
hot water, the vapour again rises, and exerting a pressure on 
the surface of the water prevents its boiling at so low a tem= 
perature; this vapour is La removed, & vacuom is again 
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produced, and the water again boils on immersing it a second 
time in cold water, and the experiment may be repeated se 
veral times. 

Of this property of liquids to become converted into vapours 
at low temperatures, under diminished pressures, considerable 
advantage is taken in the preparation of extracts for medical 
purposes. If the infusions from which they are prepared were 
boiled down in open vessels under atmospheric pressure, they 
would lose considerable portions of their active principles, 
this is avoided by conducting the evaporation in close vessels 
from which atmospheric air is removed. The manufacture of 
white sugar for which » patent was taken by Mr. Howard, is 
conducted on similar principles. ‘The syrup is concentrated 
by being boiled in pans covered by air-tight lids, from which 
the air is extracted by pumps worked by a steam engine: the 
temperature required is only 150°, and the great advantage Is 
the prevention of the browning or charring of the sugar, 
which is very apt to happen when the concentration is con- 
ducted under the usual pressure. 

Now it may be imagined that there is also a great saving of 
fuel, in this plan of evaporating at low temperatures, but this 
is not the case, as was first ascertained by Mr. Watt. 

It will be remembered that, it was stated in the last lecture, 
that steam under a high pressure when suddenly allowed 
to escape into the atmosphere, loses at the moment a great 
portion of its sensible heat, insomuch that the hand may be 
introduced into it with impunity; this is partly owing to its 
admixture with cold air, and partly to the greatly increased 
specific heat of the steam from the expansion it undergoes. 
Every variation of volume and elasticity in vapours, is attended 
with a change of specific heat, and consequent variation of 
temperature. When air confined within a bladder is suddenly 
dilated by means of an air pump, a thermometer placed within 
it will indicate the production of cold, and on the contrary, 
when air is compressed it causes an elevation of temperature in 
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consequence of the diminution of specific heat, ax was instanced 
in the last lecture by reference to the air syringe. Now, when 
water boils at a low temperature, its vapour is in a highly ex- 
panded state, and contains locked up within it a yast quantity 
of insensible heat, and the sum of the sensible and insensible 
heat contained in equal weights of steam is exactly the same 
at all temperatures. Steam at two hundred und twelve de- 
grees, when condensed and reduced to thirty two degrees, 
gives out nine hundred and fifty degrees of insensible and one 
hundred and eighty of sensible heat, the sum of which ia eleven 
hundred and thirty: the same weight of steam at two hun- 
dred and fifty degrees on being condensed and cooled to thirty 
two degrees, gives out likewise eleven hundred and thirty de- 
grees, of which two hundred and eighteen are sensible and 
nine hundred and twelve insensible heat: whereas at one 
hundred degrees its sensible heat is only sixty eight, and in- 
sensible one thousand and sixty two degrees, forming the con- 
stant sum of cleven hundred and thirty degrees. The same 
is true of other vapours.—Turner. 

Mr, Daniell has offered the following illustration of the fact, 
that the same weight of steam contains the same quantity of 
heat, whatever its density may be. “ Let us imagine that in 
a cylinder furnished with a piston, we have a certain quantity 
of steam, and that it is suddenly compressed by a stroke of 
the piston into only half its bulk, without being reduced to the 
liquid state; it would acquire double clasticity, and its tem- 
perature would be increased. If we cither suppose the cylin- 
der incapable of transmitting heat, or take the moment in- 
stantly following the compression, before any heat has time 
to escape, it must be evident that the sensible and latent heat 
together before the compression, are precisely equal to the 
sensible and latent heat, after the compression, but in the 
dense steam the sensible heat is increased, and the latent heat 
diminished by equal quantitics. Reversing this imaginary 
experiment, if we suppose only half the cylinder to contain 
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‘The small boiler shown in Fiy. 15, will be foun 













a, will pass into the cold water J, the temperatu 
will be much augmented by its condensation. z 
increase of temperature, and weight, and the result 
how much a given weight of water has its temp 

by a certain quantity of condensed steam. ‘To ano 
tity of water of the same weight and temperatu 
the jar, at the outset of the experiment, add a 
water at two hundred and twelve degrees, equal 
- the quantity of condensed steam: it will be found 
paring the resulting temperatures, that a given weight o 
bus produced by its condensation a much greater 
temperature than the same quantity of boiling 
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Let one hundred gallons of water at 50°, be mixed 
gallon at 212°; the temperature of the whole will 
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by about one and a half degrees. Next, let « gallon of water 
be condensed from the state of steam in a still-tub containing 
one hundred gallons of water, and it. will be found that the 
temperature will be raised eleven degrees, or nine and a half 
degrees more than it was by its mixture with a gallon of boil- 
ing water, If the heat imparted to one hundred gallons of 
water, by eight pounds of steam, could be condensed in one 
gallon of water, it would raise it to nine hundred and fifty de- 
grees, and a gallon of water converted into steam of ordinary 
density, contains asx much heat as would bring five and « half 
gallons of ice-cold water to the boiling point, ‘The quantity 
of ice, that is melted by steam of mean density, is invariably 
seven and a half times the weight of the steam. 

From the statement we have made relative to the vast quan- 
tity of latent heat in steam, its great use a3 a vehicle for the 
communication of heat to bodies, requiring an uniform tem- 
perature will become apparent: for heating extracts and or- 
ganic substances it is much preferable to the open fire, all 
danger of empyreuma being avoided; for cooking food it has 
also of late years been much employed, for which purpose the 
steam is generally passed into a shallow tin box, in the upper 
surface of which are cut several Fig. 16. 
round apertures of such size as ex- 
actly to admit the pans with the 
materials to be heated. The pans 
are then surrounded by steam, 
which condenses upon them with 
great rapidity, till their temperature 
rises within a degree or two of 2 
Fig. 16, represents a very simple and 
convenient arrangement for heating 
substances by steam in the labora- 
tory. The lower vessel may be a 
common kettle, the handle of which 
folds down. 
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Sometimes the vessel to be heated is placed within another 
similar, but larger one, and steam admitted from a boiler be- 
tween the two, this is the plan adopted by dyers for heating 
their indigo vats, for which purpose it Is exceedingly conve- 
nient. 

In applying steam to heat factories and dwelling-houses, it 
has been found by practice that the boiler must have one cubic 
foot of capacity, for every two thousand cubic feet of space to 
be heated to a temperature of 70° or 80°; and that of the con- 
ducting steam pipe, one square foot of surface must be ex~ 
posed for every two hundred cubic feet of space to be heated. 

Fig. 17, is a little instrument devised Fig. \7. 
by Dr. Wollaston, for conveying an idea of 
the application of steam in the old steam 
engines, where it was employed con= 
Jointly with the air’s pressure asa moving 
power. It is a glass tube with a small [ 
enlargement at the lower extremity, held 
in a brass ring, furnished with a wooden 
handle, and having a piston fitted to it, 
with a hollow rod and serew at the top. 

When used, a little water is poured 

into the tube and boiled, the aperture in the piston rod being 
open; on closing the screw, and immersing the tube in the 
cold water, a vacuum is formed, and the piston descends, and 
on again boiling the water it is forced up, which alternate mo- 
tions may be repeatedly performed by the alternate applications: 
of heat and cold. 

Mr. Watt has the imperishable honour of having greatly 
improved the construction and operations of the steam engine, 
and of rendering it available for the innumerable purposes: 
to which it is in our time employed. 

In Watt’s engines steam is exclusively employed both for 
elevating and depressing the piston, but as my limits will not 
allow me to go into details on this interesting subject, I must 
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refer my readers to some of the excellent treatises of Robison, 
Lardner, and others, and particularly to the Historical Bloge 
of James Watt, read at the public meeting of the French 
Academy of Sciences, by M, Arago, on the 8th of December, 
1854, and recently translated into English by James Muir- 
head, Esq. 

But it is not at their boiling points only that fluids undergo 
the change into aériform bodies, they are, probably without 
any exception, continually giving off vapours at common tem- 
peratures, This process is called spontancous evaporation: it 
takes place with a rapidity proportionate to the extent of sur- 
face exposed, the dryness of the air, the velocity of the cur- 
rent passing over it, the temperature, and the pressure. 

In dry cold days in winter the evaporation is very rapid, but 
in summer though the air be many degrees warmer, if it con- 
tains much vapour, the evaporation is very slow. 

‘The same laws which obtain in the formation of vapours at 
high temperatures, hold equally good in cases of spontancous 
evaporation; there is the same passing of heat from a sensible 
to an insensible state, and the same absorption of heat: from 
this it follows that an appreciable degree of cold ought to at- 
tend all cases of evaporation, increasing in proportion to the 
rapidity of the process. ‘That this is actually the case, any 
person may convince himself, by allowing a few drops of ether 
to evaporate from the hand, or from the bulb of a thermometer 
covered with lint, a strong sensation of cold will be felt in the 
‘one case, and measured in the other, 

The same is very beautifully shown In the little apparatus 
represented in Fig. 18, contrived by Dr. Wollaston, and called 
by him the eryophorus or ice-bearer, It consists of two bulbs 
of glass, connected together by a long stem of glass; one of 
the bulbs is half filled with water which is boiled, till the in- 
cluded air is expelled by the generated steam through a small 
aperture in the other bulb, which is then sealed by a lamp. 
When cool the water in the bulb is greatly disposed to evapo- 


‘The conversion of water into vapour, and the o 
of vapour in the form of dew and rain, are p 
utmost importance in the aconomy of nature, 
most continually rising fom ge ero 


and spoutancous, us when rapidly boiling. 
In the arts evaporation is ex- 
tensively used. It is sometimes 
found convenient to promote it 
by heating the surface of the li- 
or where solids which do 
part with their mois- 
to be gradually dried, 
z anorectal 
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a tight chamber having bvo apertures, one at the top, and 
another at the bottom, in this chamber the substances to be 
dried are placed on stages, and the hot air is admitted through 
J, and passes out loaded with moisture through ¢. 

In hot climates ice is conveniently procured by having re- 
course to evaporation; for this purpose soft water previously 
bailed, is exposed in small unglazed carthen pots, in shallow 
excavations made in large open plains. The water is placed 
in these pans in the evening, and a part is usually found to be 
frozen in the morning, and is preserved by being deposited in 
pits surrounded by straw. 

‘The methods of cooling wine by placing the bottles in un- 
glazed and moistened pans, and exposing them to a current of 
air, or by wrapping them round with damp towels, as the tra- 
yellers in the Arabian deserts are accustomed to do, and the 
refreshing coolness produced by sprinkling the curtains of beds 
in Tndia with water, are all dependent on the absorption of 
heat which accompanies the change of liquid to vapour. 

Hence also arises the great danger of sleeping in damp 
beds, and wearing damp clothes, by which the temperature so 
essential to the healthy performance of the bodily functions is 
very materially altered, inducing colds, agues, rheumatism, 
and a host of attendant ills, 

From the Mediterranean sea the evaporation must be im- 
mense, it is the natural reservoir of all the water flowing from 
the Nile, the Danube, the Dneiper, the Rhone, the Ebro, the 
Don, and many other rivers ; and as the only communication 
it has with the ocean is by the straits of Gibraltar, through 
which there is a never-ceasing inward flow of water, there 
must either be a strong under-current flowing oudwards into 
the main ocean ; or else the enormous quantity of water con- 
stantly supplicd from these sources must be curried off by 
evaporation; and indeed the Mediterranean is extremely fa- 
vourably situated for undergoing evaporation to a great amount, 
since the wind, whether it blows from the South, or from the 
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North, or from the East, has to pass over immense tracts of 
aud, and is consequently in a state considerably below satu- 
With respect to moisture. 

re nlways contains more or less moisture, and 
nuts have been invented for measuring the 
such instruments are called hygroscopes or hygro- 
‘The simplest kind cousists of a piece of very thin 
whalebone, which in contracting or expanding by moisture, 
yn toan index. The aptness of this substance for 
may be seen by placing some thin shavings in 
the warm hand, they will instantly bend or crumple up; a 
delicate: material is a human hair, which has boiled 
hygroscope of this description was employed 
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DANIFLL’S HYOROMETER. 8 


tation. The observation is rendered more precise by using 
small bright metallic vessels, upon the cool surface of which 
the dew is most visible.”—Daniell’s Introduction to Chemical 
Philosophy. 

A very elegant and useful hygrometer was Fig. 20. 
invented some years ago by Professor Da- 
niell, and described in his Meteorological 
Essays: it has been very extensively used 
in all parts of the world. It is shown in 
Fig. 20; a glass tube terminating at cither 
end by a bulb, is bent twice at right angles, 
and supported on a stand; 4, contains a 
quantity of sulphuric ether, the air having 
been expelled by boiling, as in the cryo- 
phorus. It contains also a delicate ther- 
mometer, and a zone of the ball is gilt and 
burnished, so that the deposition of dew 
may be easily perceived. ‘The other ball a, 
is covered with muslin. When about to be used, this ball 
is moistened with ether which by evaporation cools it, and 
enables it to condense the vapour of the included fluid, 
occasioning the vaporization of the ether in 6. This ball 
consequently has its temperature gradually reduced, and the 
included thermometer shows precisely the degree at which 
dew begins to be deposited on the metallic part: and also by 
allowing it to get warmer, the degree at which the dew dis- 
appears; these points ought to be very near one another, and 
the mean between the two is the true dew point. The ther- 
mometer on the stem of the instrument, indicates the tem- 
perature of the air, at the time the experiment is made. 

‘The instrament shown in Fig. 21, is a convenient contrivance 
of Dr. Mason, for estimating the opposite states of dryness 
and moisture, by measuring the degree of cold produced by 
evaporation, but mathematicians have not yet decided on the 
correetions to be applied for variations of pressure, tempera~ 









I 


(Tawa ETS EURH FL ORER FR TERED! 
japanese Wiuresesaneaanusaaeat 


=e 


= 






















™, and popports a/sale 35; tea Sica 
of which a space is left for the glass tube a, 
formed on the principle of the bird foun- 
tain, having on cach side of it a thermo- 
meter 4. ‘The bulbs of these thermometers 
are covered with white silk, but round the 
stem of one, a thread of floss-silk, ¢, is at- 
tached, which terminates in the cup of the 
fountain, c. The bulb being thus in con- 
nection with a reservoir of water, is kept 
wet by capillary attraction: and as evapora- 
tion is constantly taking place, its tempera- 
ture is rendered below that of the other 
balb.” 

‘The process of condensing vapours into 
liquids is of perpetual occurrence to the 
Chemist, the principal objects to be attend~ 
ed to, are to keep the receivers as cool a& 
possible, and to conduct the process in as 
steady @ manner as possible, that the re- 
sults may be uniform. 

A most valuable apparatus has of late yeurs been 
Professor Liebig, shown in Fig. 22, and called the e 
tube; of the merits of this simple contrivance, the 
speak in the highest terms, as, since its introduction 
used it in his laboratory, to the exclusion of every other 
latory apparatus, for preparing nitric, and hydrochloric a 
rectifying alcohol, &e. &c. Its advantages are, first, 
treme cheapness; second, the small space which it 
third, the readiness of its application; and fourth and ch 
its requiring little or no attention while at work. 

It consists of a plain glass tube ¢#, about eighteen in 
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length, and two-thirds of an inch internal diameter, which id 
enclosed in a larger tabe 6, of brass or tin plate, about twelve 
inches long, and two inches in diameter, the ends of which 


Fig. 22, 








are closed by perforated corks. A constant supply of cold 
water from a vessel a, (which may be a common gas holder) is 
introduced into the space between the tubes, being conveyed 
to the lower part of the instrument, by the funnel and tube /, 
and flowing out from the upper part by the tube j. ‘The con- 
densed id drops quite cool from the lower extremity of the 





glass tube, where a vessel is placed to receive it, 

Both the outer and inner tube may be of glass, in the con- 
densing apparatus, and the small tubes to bring and carry off 
the condensing water may be made to pass through openings 
in the corks which they fit, as shown in Fig. 23. 

< Fig. 23, 





Let us now proceed to notice some other properties of heat; 


its communication by conduction and radiation. ‘The manner 
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in which heat is distributed through a liquid, as shown in, 
7, is altogether different from the manner in which it traver 
solid bodies, in which the particles have not the same free : 
easy mobi amongst themselves. In liquids, the heated 5 
rise to the surface, displacing those which are colder: 
heavier; but in solids it appears that the relative positior 
the adjacent particles is not altered, and the heat is conve: 
along them with a velocity differing considerably in differ 
bodies, by a process culled conduction. ‘The best conduct 
gf heat are the metals, next stones, next hard woods, anc 
on. The metals differ considerably from cach other in ¢ 
ducting power ag shown in the following tuble, in which sa 
are compared with gold. 





ticle 











Gold. Iron 3744 
Silver...... 

Copper. .... +. 808-2 

Platinum ...... 381 





Bodily sensation is a very imperfect method of estimat 
heat, almost every article we touch in a room, gives us a 
ferent idea of its temperature, though they are in reality 
precisely the same: the carpet, woollen table cloth, and arti: 
of this description feel warm, the wooden materials feel cole 
the marble mantlepicce still more so, and the metallic f 
irons feel to the warm hand many degrees colder than cit 
These differences arise entirely from differences in the ¢ 
ducting power, those bodies in which this property resi 
most abundantly, abstract the heat most rapidly from 
bodies, giving rise to a sensation of cold. 

Some curious phenomena dependent on the property of ¢ 
duction were observed by Mr. Trevelyan, and described in 
third volume of the London and Edinburgh Philosophical ! 
gazine. When certain metals having different temperatu 
were placed in contact with cach other, he noticed certain 
brations, occasioning particular sounds. Mr. Trevelyan m 
numcrous experiments on the subject, and has given an il 


























TREVELYAN’S EXPRREMENTS. 8 


trated description of the methods of operating to obtain the 
best results. The phenomenon was first noticed when he was 
about to spread with a plaster-iron some common pitch, when 
the iron being at too high a temperature, it was placed ina 
slanting direction against a block of lead, the handle resting 
on the table, a sbrill high note was immediately heard, which 
continued some time. 

‘The apparatus subsequently described by Mr. Trevelyan, in 
& paper read before the Royal Society of Edinburgh, are shown 
below. Fig. 244s the block of lead, 
on the rounded surface of which 
the metallic bar to be tried rests; 
the bi 
having three small flat knobs to rest 
on. Fig, 25 is a ring, on which the 
bar may be placed. Fig. 26, 
bar as placed on the ring for pro- 
ducing the tone. Fig. 27, is the 
arrangement for exhibiting t 
tical and Interal vibration. 
Vibration appears to depend on a 
certain repulsion existing between 
heated surfaces, increased in this 
ease by the low con- 
ducting power of the 
Tend, (see the last 
table) which allows 
its surface to be 
strongly heated by 
the brass. 

The subject has 
been very minutely 
examined by Profes- 
sor Forbes, of Edinburgh. ‘The fourth volume of the London 
and Edinburgh Philosophical Magazine contains his two papers, 
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is screwed to a brass plate, 
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which he has established the following general laws. 

First. The vibrations never take place between bodies of 
the same nature. 

vcond. Both substances must be metallic. 

hird. ‘The vibrations take place with an intensity propor- 
tional (within certain limits) to the difference of the conducting 
powers of the metals for heat, (or electricity); the metal ha- 
ving the least conducting power, being necessarily the coldest. 

Fourth. ‘The time of contact of two points of the metals, 
must be longer than that of the intermediate portions. 

Fifth. The impulse is received by a distinct and separate 
process, at cach contact of the bar with the block, and in no 
case is the metallic connection of the bearing points on the 
bar, or those of the block, in any way essential. 

Sixth. The intensity of the vibrations is (under certain 
exceptions) proportional to the difference of temperature of 
the metals. 

It has been stated that the distribution of heat through a 
liquid, is effected by a process entirely different from its dif- 
fusion through a solid, it has indeed been doubted whether 
heat is ever conducted downwards through the former. Water 
contained in a glass tube may be boiled upon the surface, while 
the temperature of the lower part is hardly affected: aériform 
fluids are still worse conductors, insomuch that a temperature 
of 300° may be endured without inconvenience; workmen are 
frequently obliged to entcr stoves raised to this heat, which 
they do with impunity, provided they are careful to avoid 
touching anything of a metallic nature, by which they would 
be severely burned, indeed at so comparatively low a tempera- 
ture as 120° metals cannot be handled comfortably, nor can 
the hand be held in water at 120° without pain. It is the 
same non-conducting property of gascous bodies, that pre- 
serves the body in regions of excessive cold, at temperatures 
twelve or fourteen degrces below the freezing point of mercury. 
The following curious experiment will strikingly illustrate the 
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same fact. Heat n bright silver or platinum eapsule nearly to 
whiteness, then pour on it a small quantity of water: you will 
probably expect to see it boil violently away, it will not how- 
ever do so, but, being protected by a stratum of vapour from 
actually touching the heated metal, it will roll about upon its 
axis, and slowly evaporate, without entering into ebullition at 
all, but if the temperature of the capsule be allowed to fall, 
the stratum of vapour will be removed, and the water will 
boil with almost explosive violence. Laundresses are per- 
fectly acquainted with this fact, as appears from the methods 
which they adopt for ascertaining when their smoothing irons 
are sufficiently hot, though they are unacquainted with the 
cause. 

If the hand be held above # red-hot iron, a sensation of heat 
will be felt, arising chiefly from the ascending strenm of heated 
air, but not entirely from this cause, for if the hand be held 
below the iron, heat will be also experienced, though not in so 
great adegree, This ariscs from the emission of heat from 
the surface of the metal in the form of rays, which are found 
capable of passing through a vacuum, air, and certain other 
transparent media, with the velocity of light. 

The Experiments of Sir John Leslie, published in 1804, 
completely prove the dissipation of heat by radiation from the 
surfaces of bodies even at low temperatures, though some 
important facts in relation to the subject were established 
many years ago by Scheele. Leslie filled a polished metallic 
vessel with hot water, and noted the time it took to cool a 
certain number of degrees ; he then varied the surface of the 
vessel, by covering it with lamp black, &c. and showed in a 
striking and decisive manner, the influence of surface in the 
process. In one experiment the water in the polished vessel 
was one bundred and fifty six minutes in cooling half-way to 
the temperature of the apartment, and when coated with lamp 
black only eighty-one minutes, or little more than half the 
time. He afterwards found VES to employ metallic 
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mirrors, to concentrate the heat by causing 
it to fall into a focus in which a differential 
thermometer, Fig. 28, was placed, by this 
means the slightest change in the tem- 
perature of the focal spot was immediately 
indicated, though no difference in the ge- 
neral temperature of the room was evin- 
ced.* 


The following table shows some of the 
results at which he arrived with this ap- 
paratus. 


RADIATING 






Tarnished lead. 45 
Water by estimate... 100+ | Clean lead.. 19 
Writing paper.. 98 Tron polished. . 
Scaling wax . 95 | Tin-plate, gold, silver, 2 15 
Crown glass . 90 copper. sed 
Plumbago... 75 


From this table we learn, that if we wish to retain the heat 
of a fluid as long as possible, we shall insure it, by confining 
it in bright metallic vessels, from which the heat is radiated at 
least eight times slower than if it were black; and again, that, 
when our object is to communicate heat to surrounding bodies, 
as apartments, through the medium of hot water, &c., the 
pipes conveying it should be roughened or coated with black 
pigment, such as lamp black. We also derive from the table 
an explanation of the fact, that tea is made so much better in 
bright silver tea-pots, than in those of porcelain or stone-ware, 


* The construction of the differential thermometer insures this. It consists of two 
bulbs @ and 4, the stem connecting which is bent twice at right angles; the bulbs con- 
tain air, and a small quantity of coloured sulphuric acid. When a hot body approaches 
one of the balls, the air is expanded, and forces the fluid towards the other ball; a scale 
is attached to the stem by which the degree of expansion may be measured. It is evi- 
dent that when both balls are equally heated, no motion of the included liquid can take 
place. 





RADIATION. 89 


and of the advantage of bright metallic covers at the dinner 
table. 

In the above experiments it is absolutely necessary to em- 
ploy reflecting mirrors of polished metal, those of glass being 
for these purposes entirely worthless, this arises from the ab- 
sorbent power of glass, which, in consequence reflects but 
little heat, those surfaces which are the best radiators absorb- 
‘ing most and reflecting least, and vice yersi. It appears from 
the experiments of Dr. Bache, that the radiating power of any 
surface, is not affected by its colour, though its absorbent 
power is entirely so. 

Some interesting experiments may be made with the Diffe- 
rential Thermometer, to prove the influence of surface in the 
absorption of radiant heat: if one of the balls be covered with 
gold leaf, and the other left naked, or covered with whitewash 
‘or lamp black; and a hot poker held midway between them, 
it will be found that by far the greatest effect is produced on 
the naked or coloured bulb, showing its superior receptive 
power: and again, to show the difference between solar and 
terrestrial radiant heat, and that the absorption of the former, 
depends, and is proportionate to, the intensity of the colour 
‘of the surface, let one of the balls be blackened, and the other + 
whitened, and expose the instrument to the sunshine, the black 
ball will be most affected ; so delicate is the thermometer in 
this state, and so susceptible is it of heat, that the mere im- 
pression of day-light affects it by slightly augmenting the tem- 
perature of the black ball, it has accordingly been employed 
by Pictet as a Photemeter or measurer of light: from experi- 
ments with it, he concluded that the light of the sun possessed 
twelve thousand times the intensity of a wux candle, so that a 
fragment of the sun, of the size of such a flame would possess 
the illominating power of twelve thousand wax candles. 

‘The difference supposed to exist between solar and terres~ 
trial muliant heat, is probably apparent rather than real, arising 
in some degree from the immeasurable difference in the guan- 
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to the fire. It oceupies very little space, being u cylinder of 
thirty three inches high and sixteen inches diameter. The 
cost of fuel will be about two pence for twenty four hours. 

‘The proprictors have recently brought out another stove, 
which they call the Vesta; in principle it is the same as the 
Chunk stove, from which it differs merely in some mechanical 
arrangements, which the practical use of the latter suggested. 

Within the last few years M. Melloni has acquainted us with 
several new and interesting facts relative to the transmission 
of heat through different media, his papers have been tran- 
slated in the valuable “ Scientific Memoirs,” published by Mr, 
Richard Taylor. 

Tt had been for some time known that whereas the heat of 
the Sun, passes without loss through any transparent body ; 
the terrestrial radiant matter, emanating for instance, from a 
candle, or a lamp, or a fire, suffers, in such case, a kind of de- 
composition, a certain variable proportion only being allowed 
to pass, which increases as the temperature of the radiant 
body is elevated, the transparent medium becomes hot, while 
the temperature of the sun's rays makes it scarcely warm ; the 
light however passes unimpeded in both eases, appearing to 
show, that in the case of terrestrial radiant matter the heat and 
light are very feebly combined. 

Melloni, in his researches, made use of the thermo-electric 
pile* to detect changes of temperature; this delicate and beau- 
tiful instrument is shown in Fig. 29. It consists of an ar- 
rangement of thirty pairs of antimony and bismuth bars, con- 
tained in a brass cylinder, ¢, and having the wires from its 
poles connected with an extremely delicate magnetic Galvano- 
meter, 2. The extremities of the bars at 4, being exposed to 
any source of mudiant heat, such as the copper cylinder d, heated 
by the lamp #, while the temperature of the other extremity 
of the bars is not changed; a current of electricity passes 
through the wires from the poles of the pile, and causes the 


* Seo my Lactures on Elsctricity—Lectare Eighth, 
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he . aeetle uf he Galvanometer to deflect. The quantity 

H z increases in proportion to the aif. 
rence of the temperatures of the two ends, that is, in 
Fig. 29. 











proportion to the quantity of heat falling on 5: and the effect 
of this current of electricity upon the needle, or the deviation 
produced, is proportional to the quantity of electricity circa- 
lating, and consequently to the heat itself.—at least, Melloni 
finds this correspondence to be exact through the whole arc, 
from zero to 20°, when the needle is truly astatic—Graham’s 
Chewiatry, page 32. 

With this apparatus, Melloni proved that at different tem- 
ferent species of rays of beat, which 
reed from each other by passing them 
sparcnt media. They are all emitted si- 
multanconsly cod in different proportions by flame: but in 
heat fro sources of lower intensity, some of them are always 
absent. The calorific rays of the sun are chiefly of the kind 
which pars throuzi glass, but Melloni shows that the other 
apecics are not altogether wanting. The rays of heat emitted 
by the sun, and other luminous bodies, are quite different 
rays from the rays of light with which they are accompanied. 

‘Professor Forbes,of Edinburzh, has also greatly distinguished 
hisnself by his researches, on this purt of the subject of heat, 















through certain tran 
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but I have no space to enter into even a bricf analysis of bis 
pape: They will be found in the Transactions of the Royal 
Society of Edinburg In February, 1836, the Keith medal 
was awarded to Mr. Forbes, by the Council of the Royal So- 
ciety, for his Experiments, particularly those on the Refraction 
and Polarization of Heat. 

‘The equilibrium of the temperature of the globe is brought: 
about, in a great measure, by radiation. It is well known that 
& body however hot, will gradually cool down to the tempera- 
ture of the surre 














nding objects ; all bodies have a constant 
tendency to radiate heat, not only in a room, but from the 
surface of the earth towards the regions of space, and this ra- 
diation, as has been well remarked by Mr. Daniell, would, if 
it were not met and counteracted by the radiation from the 
sun, soon annihilate all organic beings by the rigour of an 
eternal We are thus enabled to understand a remark- 
experiment which may be made with reflecting mirrors. 
If a lump of ice be placed in the focus of one, and a delicate 
thermometer in the focus of the other, a diminution of tem- 
perature will be indicated, which was at first thought to prove 
the radiation of cold. But on the principle of radiation, the 
temperature of the thermometer is only stationary as long as 
it receives as much heat as it radiates, 








al 








is it does not do, when 
placed opposite a lump of ice ; in the focus of the second mir= 
ror, it radiates more heat than it receives, and thus its tem- 
peruture falls. 

‘The phenomena attending the formation of dew, have been 
minutely examined by Dr, Wells, and he has shown in a beau~ 
tifal and philosophical Essay, that they are referable to natural 
radiation. [t must have been remarked by every person, that 
the most copious deposition of dew is during a clear, still, 
cloudless night, when the surface of the ground, in conse 
quence of there being no counter-radiating source, has its 
temperature diminished muny degrees (from ten to twenty) 
below that of the air above it; now as air is never free from 
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aque.na vapour, and as the quantity which it can retain, de- 
pends on its temperature, the cold ground will condense a 
portion of the moisture contained in the warmer superincum- 
bent air, and become covered with dew. It cannot fail like- 
wise ts have been remarked, that the grass-plat is far more 
copionsly dewed than the gravel walk; now fibrous vegetable 
matters are mach better radiators of heat than earth and stones, 
hence they become cooler during the night, as may be proved 
hy laying a thermometer on each. If a piece of flannel, and a 
atrip of tin-fuil be exposed, the flannel will become quite wet, 
while the latter will be unaffected. So also the smooth var- 
nivhed leaves of plants have no dew deposited on them, while 
the rough and downy leaves are covered, and hence more ex- 
posed to danger from frost. ‘The effects of radiation from the 
earth’s snrface, during the night are well known to Gardeners, 
who freqnently effectually protect young and delicate plants 
from cold daring the night, by covering them loosely with 
matting: a thin cambric handkerchief, suspended by small 
sticks, some distance above the plant, will be found powerfally 
ts retard the radiation of heat, and though any change of tem- 
peratare arising from atmospheric causes could not, by this 
means be interfered with, nor the cold kept off, still, the escape 
of radiant heat from the surface, is prevented to a degree suf- 
ficient to protect the plant. 

Dr. Wells appears to have been the first who remarked the 
inflacnce of clouds in preventing radiation, and he found that, 
if the night, at first clear, becomes cloudy, the temperature of 
the grass always rises, independent of any changes of calm- 
ness, and nearly so of change of atmospheric temperature. 

The method of making ice in hot countries, already referred 
to, depends probably more on radiation, than on evaporation, by 
which itis generally explained: the process succeeds best when 
the pans are placed in shallow trenches dug, in the ground, an 
arrangement which retards cvaporation; and no ice forms in 
windy weather when evaporation is greatest. 
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Philosophers are now disposed to class conduction and radi- 
ation under the same natural law, Heat in its passage through 
a bar of iron is probably radiated from particle to particle, 
since it is known that the molecules of which it is composed 
are not absolutely in contact, but retained near each other by 
powerful attraction; thas, observes Professor Graham,  radi- 
ation as observed in air, or in a vacuum, may pass into con- 
duction in the case of solids, without any breach of continuity 
in the natural law to which heat in motion is subject.” 

Lastly, with regard to the existence of a central heat in our 
globe, it has been demonstrated by Fourier, that though the 
erast of the globe were of cast iron, it would require myriads 
of years for the heat to be transmitted to the surface from a 
depth of one hundred and fifty miles; but the crust of the 
globe is composed of materials of far less conducting power 
than cast iron,—so that supposing it to be true, as is assumed, 
that for every mile beneath the earth’s surface, an increase of 
heat to the amount of one hundred and sixteen degrees Fah- 
renheit is added, which would make the temperature at the 
depth of thirty miles and a half, equal to three thousand five 
hondred degrees, yet the surface of the carth would remain 
unaffected ; there is every reason to believe that no material 
change in the quantity of heat it has received from the sun, 
has occurred during the historical cpoch, and the temperature 
of the surface of the earth depends upon the amount of heat 
which it thus receives compared with the heat radiated away 
from its surface into free space. 

I shall here conclude this short outline of our present know- 
ledge of the laws and phenomena of heat, reserving the two 
last heads, Ignition and Combustion, for another lecture, after 
the gascous substances concerned in their production have 
been described; in the mean time, let me request your par- 
ticular attention to the next lecture, in which it will be at- 
tempted to give a popular account of the important luws of 
“« Definite Proportions,” and the Atomic Theory. 
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ON CHEMICAL AFFINITY; AND THE THEORY 
OF DEFINITE PROPORTIONS. 


COHESION—DIVISIBILITY OF MATTER.—INSTANCES—IMPEDI- 
MENTS AND AUXILIARIES TO CHEMICAL ACTION :—ASSISTED 
BY DIMINISHING COHESION, BUT ONLY TO A CERTAIN 
EXTENT.—IN GASEOUS BODIES REPULSION COUNTERACTS 
CHEMICAL ACTION :—IMPORTANCE OF COHESION IN CHE- 
MICAL ACTIONS AND RE-ACTIONS.—BERTHOLLET’S VIEWS— 
EXAMINATION OF THEM—EXAMPLES—INVERSION OF 
AFFINITY SOMETIMES CAUSED BY COHESION: 





INSTANCES— 
BERTHOLLET’S THEORY NOT TENABLE.—INFLUENCE OF 
ELASTICITY ON CHEMICAL ACTION—INSTANCES—INFLUENCE 
OF QUANTITY OF MATTER—BERTHOLLET’S VIEWS DO NOT 
ACCORD WITH THE PRESENT STATE OF OUR KNOWLEDGE 
OF FACTS.—CIRCUMSTANCES CONTROL CHEMICAL ACTION! 
CHEMICAL AFFINITY—PH@NOMENA ATTENDING— 
EXAMPLES—SIMPLE AND COMPLEX EBECTIVE ATTRACTION 
—DECOMPOSITION—EXAMPLES—CORRECT TABLES OF 
AFFINITIES CANNOT BE CONSTRUCTED.—LAWS OF COMBI- 
NATION—TABLE OF ELEMENTS WITH THEIR SYMBOLS AND 
LEAST COMBINING PROPORTION: 





CHEMICAL UNION OF 
TWO KINDS, UNLIMITED, AND LIMITED—THE LATTER THE 
MOST IMPORTANT—EXAMPLES—FIRST LAW OF COMBINA- 
TION—EXAMPLES—SECOND LAW—CHEMICAL EQUIVALENTS 





CHEMICAL AVFINITY. 





—THE OXYGEN AND HYDROGEN SCALE—METHOD OF RE- 
DUCING NUMBERS OBTAINED IN ANALYSIS TO EITHER 
SCALE—EXAMTLES—T0 THR UNION OF COMPOUND NODIES 
THE LAW OF COMBINATION ALSO APPLIES—INSTANCES— 
GREAT USE IN CASES OF MUTUAL DECOMPOSITION—EXAM- 
PLE—METHOD OF DETERMINING BQUIVALENT NUMBERS— 
THIRD LAW OF COMBINATION—FIRST DETECTED BY WOLLAS- 
TON—EXAMPLES—THE USE OF SYMBOLS.—-ILLUSTRATION. 








The Science of Chemistry is now brought so completely 
under the dominion of numders, that it would be useless for 
us to proceed further with our subject, before the important 
laws of definite combining proportions, and the beautiful 
Atomic Theory have been explained; and though the subject 
will require a little closcr attention on the part of the general 
reader, it is hoped that its importance, and the facilities it will 
offer for the immediate comprehension of the remai 
tures, will be considered a suff 
whole one to its elucidation. 

We will first, however, direct our study to Chemical affinity, 
and the general results of Chemical action, 

All the materials of which our globe is composed are held 
together by an invisible and mysterious power which philoso- 
phers have named cohesion. That this power differs consides 
ably in different substances, we have abundant proof in the 
density and hardness of some, and the softness and porosity 
of others; it is most conspicuous amongst solids, less in li- 
quids, whilst in gaseous bodies we have no evidence that it 
exists at all. 

‘This power of attraction differs from the general and aniver- 
sal law of gravitation, in being exerted at insensible distances, 
it thus preserves the forms and modifies the texturcs of bodies, 
and it gives to liquids that spherical figure which we observe 
in drops. 
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8 COMRSION. 


By mechanical division we can diminish cohesion, bat we 
cannot destroy it; the extent indeed to which this division 
may be carried in some substances is astonishing. It has been 
shown by Boyle, that an ounce of gold can be extended on 
silver to the length of one hundred and fifty five miles; and 
others have calculated that fourteen millions of films, such as 
exists on the wire would be required to make up the thickness 
of an inch, although an equal number of leaves of common 
printing paper would be nearly three quarters of a mile in 
thickness. Dr. Wollaston made a gold wire so thin that an 
ounce of it would extend fifty miles, and the metal itself ix 
visible to the unassisted eye in so small a quantity as the hun- 
dred thousandth part of a grain ; now although so remarkable 
and minute « mechanical division is here effected, we are far 
from having annihilated the cohesive power which retains the 
molecules of the metal in that state of close approximation 
from which solidity results, the hundred thousandth part of a 
grain consisting as essentially of an innumerable assemblage 
of molecules as the largest fragment, nor can we by any me~ 
chanical contrivances destroy that aggregation, Again, there 
is a substance produced by the action of sulphuric acid on in-_ 
digo, which is called from its colour cerulin, when dry, this 
substance is copper coloured, but when wet intensely blue, 
one grain of this compound will communicate a blue tinge to 
five or six pints of water, it must therefore undergo a division 
which is almost incalculable without its cohesive power being 
destroyed. 

Heat, as has been shown in a former lecture, is to be con- 
sidered a3 the great antagonist to cohesion, ns it never fails to 
overcome the barrier which that power presents to combina- 
tion, especially when so regulated as to produce the state of 
liquidity. 

In order that bodies should exert their chemical powers on 
each other, it is necessary that the particles should be brought 
into a elose proximity, chemical action being like cohesion, ex- 
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erted at insensible distances; hence it is, that Chemistry pre- 
sents us With but comparatively few instances of intense action 
Letween solids; their chemical affinities may be very powerful, 
but combination cannot take place, because they cannot be 
brought within the sphere of their mutual attraction; when, 
however, either or both are in the state of liquid, the impedi- 
ment to the exertion of alfinity is removed, the cohesion of 
the particles of the substances concerned being so much di- 
minished that the chemical forces prevail: thus, dry tartaric 
acid, and dry bi-carbonate of soda, however intimately they 
may be mixed by tritoration will not combine; but if the acid 
be dissolved in a small quantity of water, and poured on the 
soda, it is well known that immediate action, accompanied by 
effervescence will take place, the acid and alkaline properties 
of the respective substances disappear, and a neutral salt, tar 
trate of soda is the result. 1t was formerly considered that it 
was absolutely necessary that one at least of the substances 
concerned should be in a liquid state before combination could 
take place ; the researches in modern Chemistry have however 
revealed to us many instances which disprove this supposed 
general law: for examples:—when chlorate of potash and 
sulphur, or chlorate of potash and sulphuret of antimony are 
rabbed together, the mixture becomes rapidly decomposed and 
explosion ensues. When fulminate of silver or iodide of 
amidogen, are even slightly touched, detonation follows. In 
these eases, the original arrangement of particles must have 
been so unstable that the imperfect approach produced by me~ 
chanical mixture, or the slight change of position arising from 
‘@ sudden shock is sufficient to cause a new mode of combina- 
tion. 

‘To insure the full exertion of the power of chemical affinity, 
ail the substances concerned should, if possible, be reduced to 
liquidity ; no impediment will then exist, and if, after intimate 
mixture, no action should ensuc, it may with almost certainty 
be concluded, that no affinity exists between them, 

c 








boa 
























the strongest affinity, the former giving rise to 
latter to hydrochloric acid, may be kept in 
Jength of time without combining, which evidently 
the particles not being brought into sufficiently: 
Indeed the tendency to assume the aériform sts 
offers great assistance to decomposition in 
is particularly observable in those substances whi 
powerful attraction for water; clay, for instance, fh 
that liquid can only be expelled by giving it the 
by intense heat; chloride of nitrogen again, is rem 
its facility of decomposition, being resolved into ¢ 
nitrogen, 

Although cohesion is thus shown to be an imped 
the exertion of chemical action in the general sen 
the highest importance to the Chemist, in many. 
termining the result of chemical action, probably 
in direct opposition to affinity, serving, on the 
Berthollet, to explain the anomalous discordance betwe 
experiments on which the tables of affinities of b 
each other had been constructed, 

‘To set this matter in a clear point of view, supp 
tity of sulphate of soda and nitrate of potash to be 
in water, cach acid is attracted at the same momen! 
bases, and each base by both acids ; so that there 
vision of each acid between the two bases, and of 
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between the two acids, and the solution contains the sulphates 
and nitrates of soda and potash. While the solution remains 
diluted, this distribution of acids and bases holds good, but if 
the liquor be much concentrated, the sulphate of potash being 
‘bnt sparingly soluble will sepurate in crystals and a fresh ar- 
rangement will be entered into, and thus finally all the sul- 
phurie acid and all the potash will be removed and nothing 
left in solution but nitric acid and soda. 

In this case, if we regard the chemical affinities of potash 
and soda, of sulphuric and nitric acids as exactly equal ; the 
decomposition which actually occurs on concentration is de- 
termined entirely by the greater cohesion of the sulphate of 
potash and its consequent sparing solubility. 

It is, however, a question, in the case of a mixtare of various 
soluble salts, whether cach acid is confined to one base, or 
whether each acid is divided between the various bases. When 
the relative forces of affinity are not very unequal, the latter 
arrangement seems the most probable, aud the one which gives 
the most plausible theory of the constitution of mineral waters 
and of the products which they yield by evaporation. In ae- 
cordance with this view, when two acids and two bases meet 
together in neutralizing proportion, each acid unites with both 
bases in a manner regulated by their respective forces of affi- 
nity and four salts are contained in solution. In like manner, 
the presence of three acids and three bases will give rise to 
nine salts; and when four of each are present, sixteen salts 
will be produced.—Turner. 

‘The influence of cohesion in determining the result of che- 
mical action will now appear. It is strikingly shown on mixing 
in solution sulphuric and nitric acids and baryta; at first this 
‘base may be supposed to be divided between the two acids, 
nitrate and sulphate of baryta being produced; but sulphate 
of baryta is absolutely insoluble in water, and is consequently 
instantly removed from the sphere of action: and the base be- 
comes again divided between two acids, a fresh quantity 
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substance becomes, in cousequence, the most 
the presence of sulphuric acid with which ¢ 
quainted. 
Other cases occur in which the separation of t 
luble ingredients takes place gradually ; as for in 
the evaporation of hard water, which generally 
hydrochloric acid, lime, and sulphurie acid. 
know to be the stronger base, and the sulphuric th 
acid, yet on evaporating the water, the salt which 
lizes is sulphate of lime, and on continuing the: 
all the sulphuric acid may be removed in combinati 
lime. But the acids and bases being divided 
ther in solution, there coexist sulphate of lime, | 
soda, muriate of lime, and muriate of soda, But 
liquor is concentrated, the sulphate of lime is first de 
and a new quantity being formed all its constituents | 
nated in combination.—Kane. 

We have cven instances, in which an actual ion 
nity is occasioned by cohesion, both in double and 
compositions. As an instance of the former, on m 
tions of carbonate of ammonia and nitrate of lime, 
» formed nitrate of ammonia and carbonate of lime 

instance of the latter, on passing a stream of c 

into a solution of acitate of potash in alcohol, the 

composed, acetic acid being sct free and carbonate: 
being formed: this is a very striking example, there 
vdoubt whatever that acetic acid is a much stronger 
carbonic, since, on adding vinegar to carbonate of 
tate of potash is formed, and carbonic acid set free i 
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form; the formation of carbonate of potash in the above ex- 
periment is evidently therefore entirely caused by its insola- 
bility in aloohol. But we are in possession of facts which show 
that double decomposition sometimes occurs on mixing sults, 
although no precipitation supervenes. For instance :—sulphate 
of copper is well known to possess a beautiful blue colour, 
and to communicate the same to water in which it may be 
dissolved; now, on mixing a solution of this salt with a solu- 
tion of chloride of sodium or common salt, the colour of the 
solution changes from blue to green, indicating the formation 
of chloride of copper, and consequently that of sulphate of 
soda also, but we know, in this case, that lydrochlorie acid will 
displace sulphuric acid from sulphate of copper, at the tem- 
perature of the experiment, while sulphuric acid will, on the 
other hand displace hydrochloric acid from chloride of sodium ; 
thus, those acids and bases which have the strongest affinity 
for cach other are proved to enter into combination. 

The opinion of Berthollet, however, that acids and bases 
when mixed togther in solution arrange themselves, so that 
each base shall be divided amongst all the acids, and cach acid 
amongst all the bases, although in a great many cases true, 
and indeed one of the most fruitful sources of the decomposi- 
tions which occur in our experiments, cannot be admitted as 
@ true representation of the actual phenomena of combination, 
since it makes decomposition, at all times dependent upon ne- 
cidental circumstances, such as the volatility and insolubility 
of the product, and never resulting from the prevalence of 
certain affinities over others; in short, since it neglects the 
consideration of affinity altogether. It makes the resulting 
actions between bodies in contact to depend upon their relae 
tive quantities or masses, and the physical properties of the 
products of their combination, to the entire exclusion of the 
agency of the proper affinities between the bodies in contact. 

According to Berthollet, no decomposition should be com- 
plete unless the product be ee or insoluble; but one ex- 
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for the liquid imparts to the blue litmus j 
wine-red tint, which indicates free boracie ach 
characteristic red tint, resembling the red of the 
onion, which would inevitably be produced by: 
nute quantity of the stronger acid, if free, | 
were only decomposed in part, in these c li 
soda equally divided between the two acids, then 

as well as boracie acid should be found in the 
complete decomposition of the salt ean be accounted | 
way but by ascribing it to the higher affinity of sul 
soda, than that of boracic acid for the same base,—G 
From the foregoing observations, we learn that 
to be regarded by the chemist, in two different m 
points of view. In a general sense, it operates 
gonist to the exertion of chemical action, while in pa 
it favours und determines the operation and 
that force. 

‘The power of repulsion, as exhibited in the 
bodies, exerts an inflacnce on chemical affinity an 
that of cohesion, for as the formation of an insolub 
in aliquid will enable lower degrees of affinity to 
by removing the body which is formed by its i 
will elasticity determine the production of such 
as by their volatility may be driven off, even 
affinities of their elements may be much fecbler 
other bodies —Kanc, 
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For examples:—If to a solution of sulphate of magnesia, 
ammonia be added, the magnesia will be precipitated, and the 
sulphuric acid, with which it was combined, will unite with 
the ammonia; but if sulphate of ammonia be mixed with dry 
magnesia and heated, the ammonia, yielding to its volatility, 
will be expelled, leaving the magnesia in exclusive possession 
of the sulphuric acid. If carbonate of ammonia be added to 
asolution of muriate of lime, the insoluble carbonate of lime 
will be determined, but if the salts resulting from this decom- 
position, namely, carbonate of lime and muriate of ammonia 
be mixed in a dry state and heated, the original salts will be 
gradually reproduced and the carbonate of ammonia volatilized. 

‘The metal potassium is formed by the decomposition of 
potassa at a high temperature by iron; now the affinity of the 
latter metal for oxygen is certainly much inferior to that of 
potassium, yet the iron takes oxygen from the potassa which is 
‘to be explained by supposing that when the potassa is brought 
into contact with the iron at a white heat, the oxygen of the 
alkali becomes divided between the two metals and a portion 
of potassium is sct at liberty. But the potassium being vola~ 
tile is expelled at the moment of its reduction, and thus, by 
its influence being withdrawn, an opportunity is given for the 
decomposition of an additional quantity of potassa. 

‘The boracie acid is remarkably inert, so much so that, as we 
have seen, it may be deprived of every particle of its base by 
sulphuric acid, forming a remarkable exception to the law of 
Berthollet ; nevertheless, at a red heat boracic acid will com- 
pletely decompose sulphate of soda, it being Jered in the fire, 
while sulphuric acid is volatile. Again: There is nothing in 
the general appearance or character of powdered flints which 
would induce a person to suppose it to be an acid, indeed it is 
only from analogy that it is recognised as such by chemists; 
nevertheless, silica at a bright red heat is capnble of expelling 
the most powerful acids; a familiar instance of which, is the 
common process of glazing pottery, by throwing over it at a 

















on by Berthollet; we may observe this influence: 
solutions of any soluble salt, added in successive 
given quantity of water; the first portion di 
readily than the second, the second than the 
till a saturated solution is obtained. The bases 
takes advantage of this property of quantity of n 
for instance, he wishes completely to deprive a o 
its acid by means of potassa, he uses rather more 
is absolutely required to saturate the acid, in o 
effectually to bring every particle of the subst 
composed in contact with the decomposing agent. Th 
ascribed by Berthollet to quantity of matter, was: 
and more important; he contended that it con 
weaker affinity, and supposed that the affinity of diff 
for the same alkali is in the inverse ratio of the 
quantity of each, which is necessary for neuts 
quantities of the alkali. Thus, if two parts of one 
one part of another acid, », are required to neu! 
quantities of the alkali, c, he inferred that the affin 
1c, was twice as great as that of a; and further, he tho 
as two parts of A, produce the same neutralizing effect 
part of n, the attraction exerted by any alkali towards 6 
of A, ought to be precisely the same as for the one 
and he hence concluded, that there is no reason why th 
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should prefer the small quantity of the one, to the large quan- 
tity of the other; on this he founded the principle, that quan- 
tity of matter compensates for force of attraction. 

Berthollet indeed, went so far as to declare, that what che- 
mists call elective affinity, (which we shall inquire into pre- 
sently,) had no real existenee; that chemical union differed 
from mechanical cohesion, only in being exerted between the 
particles of different substances, and that in all cases where 
certain bodies combine in preference to others, the source was 
to be found in accidental and external circumstances. On his 
ideas, the force by which the particles of a fragment of sul- 
phate of soda are united, differs from the foree by which the 
sulphuric acid is united to the soda, only in the fact that the 
cohesion unites particles of the same kind, whilst affinity unites 
particles of different kinds. The solution of a salt in water 
must, on these principles, be looked upon as a chemical ope~ 
ration, and while the adhesion of two pieces of clean lead is 
regurded as mvchanical, the adhesion of a piece of lead to a 
piece of tin, or a drop of water to a pane of glass, must be 
looked upou as the result of chemical affinity. Chemists how- 
ever of the present day, require more substantial proofs of 
the existence of chemical affinity between bodies; they require 
that the individuality of the constituents shoald be parted 
with, and new properties acquired, neither of which condi- 
tions are, in the instances referred to, sutisficd, and the views 
of this great chemist bave been, for some time, given up. 

‘The chemical action of two bodies does not, therefore, arise 
from their chemical affinities alone, for these forces are modi- 
fied by the combined influences of heat, electricity, cohesion, 
and other physical agencies to a very considerable extent, By 
a change of temperature, an affinity, originally weak, may be 
made to preponderate over one previously much stronger. By 
electrical conditions, the strongest and most direct chemical 
affinities may be overcome; according as the cohesion of the 
acting bodies may prevail, decomposition, simple or compound, 
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solving their connexion when once formed, e 
the origin of our globe, those bodies which han 
powerful alfinitics would have satisfied them by 
eternal union; those next in power would then have 
their tendency to combine, and long since, natare sho 
ing up of which could not be accomplished by any: 
force. The complex changes of animal and vege d 
tion and respiration could not go on; the working of 
tals; the chemical arts of civilized life could not 
invented, and the planet we inhabit should have n 
space a barren and uninhabitable ball—Kane. 

Having thus explained, as fully as the popular ch 
our work will admit, the nature of the restrictions wh 
tribute to modify the chemical force, we will proceed 


atte fiiny af bee other forces in nature; its action is b 
the ultimate clements of matter, the individuality of 
destroys, and out of which it forms new bodies, p 
new characters. 

‘This intimate union of dissimilar elements, taking p 
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tween their ultimate molecules, cannot of course be witnessed 
by the eye of man; but the action is always attended by pho- 
nomena, indicative of the change which is taking place, and 
from which the operation of affinity may at once be concluded. 
‘The following experiments may be made in proof of this. 

Experiment 1, Mix four parts of strong sulphuric acid with 
one of water; or seventy-three parts of the acid with twenty- 
seven of water, a temperature equal to three hundred degrees 
will be produced; here the exertion of chemical affinity is 
proved by the great elevation of temperature, 

Experiment 2. Mix in a glass flask sixteen parts of frag- 
ments of sulphur, with sixty-four parts of copper filings, and 
apply the heat of a lamp so as to fuse the lower stratum of 
sulphur; now remove the lamp, heat and light will be copi- 
ously evolved, the copper glowing and barning in the sulphur 
vapour: in « short time this phanomenon will be at an end, 
and in the place of the copper filings and yellow sulphur, a 
black brittle substance will be found in the flask, viz :—sul- 
phuret of copper. In this experiment we derive proof; First: 
‘That copper and sulphur have an affinity for each other, and 
that when presented in certain proportions and under certain 
conditions, they combine. Second: That sixteen of sulphur 
is the quantity requisite to sutisly sixty-four of copper. Third: 
That the conditions required is the diminution of the aggre- 
gation of the sulphur. Fourth: That chemical action is some- 
times attended by the phanomenon of combustion. Fifth: That 
the individuality of bodies, amongst which chemical affinity is 
exerted indestroyed. And Sixth: That anew product results. 

Experiment 8. Introduce a oil of harpsichord wire, to the 
end of which is attached a piece of burning tow into a jar of 
pure oxygen gas; the wire will burn, throwing ont brilliant 
sparks, and a substance, having none of the properties of pure 
iron will be the result. 

Here chemical action is attended by the phanomena of 
heat and light. 
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Experiment 4. Mix one hundred parts of strong sulphuric 
acid with one hundred parts of water; the result will not 
two hundred measures, but considerably less. “= ] 

Here we find chemical ection attended by diminution of 
bulk, and consequently by an increase of specific gravity. | 

Experiment 5. Take a glass of water, and drop into it a 
small quantity of solution of corrosive sublimate, (bichloride 
of mercury,) and having stirred it well, introduce a few drops 
of solution of iodide of potassium; a beautiful brickered pre= 
cipitate which will gradually become of a cinnabar-red colour, 
will be determined. Or, into a similar glass of cold water, in- 
trodace a few drops of a solution of starch in hot water, then, 
as before, a small quantity of solution of iodide of potassium ; 
no change will be perceptible till a drop of sulphuric acid is 
added, which will occasion the production of a beautiful bloc 
colour, 

In these experiments we find a change of colour attending 
chemical action, and by the last experiment we learn, that no- 
action takes place between solution of starch and iodide of 
potassium till a strong acid is introduced. 

Experiment 6, Dissolve some chalk (carbonate of lime,) in 
a small quantity of muriatic acid, till the acid is saturated; filter 
the solution, and when perfectly clear and liquid, add a few 
drops of sulphuric acid; fumes will be evolved, and a solid, 
sometimes quite dry, will remain. 

Here we find a change of form; two liquids giving rise to 
a solid. 

Experiment 7. Heat a small quantity of strong liquid am- 
monia in a flask, and allow the vapour to pass into a jar of 
chlorine; the sides of the jar will speedily become covered 
with a saline incrustation, 

Here we have two aériform bodies prodacing a solid. | 

Experiment 8. Rab ina mortar a few crystals of sulphate 
of soda, with an equal quantity of nitrate of ammonia; a lix 
quid will gradually be formed. 
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In this experiment the change is from solidity to liquidity. 

From these simple experiments, we find, that the external 
phenomena are generally sufficiently marked to inform us 
when chemical action is going on between two or more bodies, 
and the second experiment shows that imperfection of contact 
completely prevents the exertion of yery powerful affinities 5 
the sulphur could not combine with the copper until it had 
been brought to a very fine state of division by the action of 
heat. A more satisfactory manner, perhaps, of making the 
experiment, would be to reduce both the copper and sulphur 
to a very fine state of division and then rub them together in 
a mortar; a sulphuret of copper would be formed, with the 
evolution of much heat, but without the application of external 
heat. ‘The copper for this purpose is obtained by precipitating 
it from its combination with sulphuric acid (solution of blue 
vitriol,) by a plate of polished iron. That the state of aggre- 
gation of a solid may oppose an insuperable bar to the action 
of a very powerful affinity, is well shown by the metals, lead 
and iron. The affinity between lead and oxygen is very con- 
siderable, for the metal is rapidly converted into a white oxide 
when ground to powder and agitated with water in its usual 
licrated condition, and in the state of extreme division in which 
it is obtained by calcining its tartrate in a glass tube, it be- 
comes « pyrophorus, and combines, even when cold, with so 
much avidity with oxygen, as to take fire and burn the moment 
it is exposed to the air. Iran also, in the spongy and divided 
state in which it is procured, by reducing the peroxide by 
means of hydrogen gas at « low red heat, absorbs oxygen with 
equal eagerness from the air at common temperatures, and 
takes Gre and burns. But notwithstanding an affinity for 
oxygen of such intensity, these metals in mass oxidate very 
slowly in the air, particularly lead, which is quickly tarnished, 
certainly, but the thin coating of oxide formed does not pene- 
trate to a sensible depth in the course of several years. The 
suspension of the oxidation may be partly due to the compara- 
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tively small surface which a compact body exposes to air, and 
which becomes covered by a coat of oxide and protected 
from further change; but partly also to the effect of the con- 
ducting power of a considerable mass of metal in preventing 
the elevation of temperature consequent upon the oxidation of 
its surface; for metals oxidate with increased facility at a high 
temperature, such as the lead pyrophorus quickly attains from 
the oxidation of the great surface which it exposes compared 
with its weight. The heat from the oxidation of the superficial 
particles of the compact metal, however, is not accumulated 
but carried off and dissipated by the conducting power of 
the contiguous particles, so that elevation of temperature is 
effectually repressed.—Graham. 

The simplest instances of the exercise of Chemical attraction 
are afforded by the mixture of two substances :—water, for 
instance, combines readily with sulphuric acid or with spirits 
of wine, but it exhibits no disposition to unite with oil: cam- 
phor is very sparingly soluble in water, but it combines readily 
with alcohol; sugar, on the other hand, is soluble almost to any 
extent in water, but is dissolved only in a very small degree by 
alcohol. Instances of simple combination are furnished also . 
by the neutralization of a pure alkali by an acid; or by the 
combustion of iron or phosphorus in oxygen gas. But che- 
mists frequently speak of affinity under the term elective 
attraction, which they divide into simple and complex. Oil, as 
has just been mentioned, is not soluble in water, it combines 
however readily with solution of ammonia, forming a soapy 
substance ; but if we add to this Jiniment an acid, the oil will 
re-appear, the alkali having a stronger attraction for the acid 
than for oil; again, the solution of camphor in alcohol is pér- 
fectly transparent, but on adding water, it instantly becomes 
milky, and in a short time the camphor is deposited ; this 
arises from the alcohol having a strouger attraction for water 
than for camphor. To give another instance, lime and mag- 
nesia are both soluble in muriatic acid, but if we present a 
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mixture of these two substances to liquid muriatic acid, the 
whole of the lime will be dissolved before any trace of mag- 
nesia is taken up; here we have then two substances both 
susceptible of combining with a third, and placed in the most 
favourable circumstances for uniting with it; but in consequence 
of one having a stronger affinity than the other, it combines 
with the third substance, to the total exclusion of the other. 
‘That the lime has a stronger affinity for moriatic acid than 
magnesia has, may be shown more immediately by adding 
lime t a solution of magnesia in muriatic acid ; it will be found 
that the magnesia will be expelled, the lime taking its place 5 
and instead of a solution of muriate of magnesia we shall 
have a solution of muriate of lime; if we now add soda, the 
lime will be expelled, and we shall have a solution of muriate 
‘of soda, and the soda again may be expelled by potash. But 
magnesia will also expel some substances from their combi- 
nation with muriatic acid; oxide of iron, for instance; so that 
by observing the order of decomposition, a view of the relative 
affinities which these different bases exercise with the same 





acid may be formed. 
Tt will stand thus =— 
MURIATIC ACID. 
Potash. Magnesia. 
Soda. Oxide of iron. 
Lime, 


But there is very frequently involved a second phanome- 
non, which is, equally with elective affinity, characteristic 
of chemical force; viz: — decomposition. For cxample:— 
On submitting iron to the action of nitrie acid, deep red 
fumes are evolved with an appearance of boiling, and the me- 
tal disappears; the same takes place if a piece of copper be 
substituted for the iron; but if these two metals be together, 
and at the same time plunged into the acid; no action will be 
‘exerted on the copper till the iron is wholly dissulved: from 
this we learn that the acid hos a stronger affinity for iron than 
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for copper: but this is not all; the 













are strikingly characteristic. d 
A less intricate example of decomposition, | 
adding to sulphuretted hydrogen a portion of iodim 
substance); the sulphur is immediately thrown 
iodine at the same time disappearing and uniting 1 
placed hydrogen. This latter element has, ho r 
more powerfal affinity for chlorine, consequently, on 
thelatterin contact with the iodide of hydrogen, the 
in its turn be expelled, and hydrochloric or muriatic: 
Jn the same manner that a table was formed of 
affinities of different bases for muriatic acid, a tab 
order of affinities of the different acids for the same 
be arranged. ‘Thus, if we expose to the air a stron 
of caustic soda, it will absorb carbonic acid, (which 
hereafter show, is always present in the atmosphere,) | 
come carbonate of soda; from this salt the carbonic 
be expelled with effervescence by acetic acid or vinegar; 
the acetate of soda, the acetic acid may be expelled by 
riatic; from the muriate of soda, the muriatie acid may 
pelled by nitric acid; and from the nitrate of soda 
acid may be expelled by sulphuric acid. The order 
ties of these acids therefore, for soda, may be written t 
SODA. 


Carbonic acid. Nitric acid. 
Acetic acid. Sulphuric acid. 
Mouriatic acid. 
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‘The same sort of list may be constructed for the metals, by 
observing their order of precipitation from their solutions. 
‘Thus, silver forms a soluble salt with nitric acid, the general 
pheenomeua of its solution being the same as has been de- 
seribed in the cases of iron and copper. From this solation 
metallic silver is set free by mereury, which therefore deprives 
it of oxygen; from the nitrate of oxide of mercury the metal is 
separated by copper; from the copper salt, the metal is sepa- 
rated by lead; and from the nitrate of oxide of lead, the me- 
taltic lead is separated by zine. The atlinities of these different 
metals for oxygen muy therefore be thus represented. 





OXYGEN. 
Zine. Mercury. 
Lead. Silver. 


Copper. 

One or two examples will serve to show the nature of eom- 
plex elective attraction, or double decomposition. It must be 
premised, that itis probably from “ the facility or absence of 
effort,” with which double decomposition takes place, as, if 
the combinations were just balanced by the decompositions 
which occur at the same time, that the results are so much 
affected by circumstances, particularly by the insolubility of 
one of the compounds. The peculiarity of double deeompo- 
sition is that, by means of it, re-actions may oceur, which 
could not have been produced by simple affinity, and which, 
on the contrary, appear to have been produced in opposition 
to it. Por example:— 

Ammonia cannot decompose nitrate of lime; om the con- 
trary, lime will tuke nitric acid from ammonia, yet, if solutions 
of nitrate of lime and carbonate of ammonia are mixed, they 
decompose each other, and by double elective affinity there 
are formed nitrate of ammonia and carbonate of lime. A di- 
agram will conveniently explain this: the figures attached to 
the different salts will find an explanation presently. 

4H 
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We will give one more example:—The affinity of hydrogen 
for sulphur is greater than that of mercury for the same ele- 
ment; and the affinity of mercury for chlorine is much greater 
than its affinity for sulphur, nevertheless, on bringing chloride 
of mercury into contact with sulphuret of hydrogen, complete 
decomposition cusues, chloride of hydrogen (muriatic acid,) 
and sulphuret of mercury being produced. By representing 
the different forces by numbers we shall see how this is brought 
about. Let the affinity of mercury for chlorine be =20, and 
for sulphur =10, aud let the affinity of hydrogen for chlorine 

5, Then the quiescent affinities 
ent affinities 30+ 10=40. 
ng this part of the subject to a close by inserting 
taro lists; one, of the alfinities of different bases for sulphuric 
acid, and the other of the affinities of the same bases for mu- 
riatic neid; they will serve to show how complicated the cir- 
cumstances which embarrass our explanations of affinity are, 
and how impossible it is to constract correct tables of the 
seule of affinities in which all existing substances should find 
a place, and which at first may seem no very difficult: matter. 








Now}. Mari No. 2. Sulphuric Acid. 
OXIDE OP SILVER. MARYTES, 
POTABIL. STRONTIA. 
SODA. POTAS. 
PARYTES, SODA, 
STRONTIA. LIME. 
LIME. MAGNESIA. 
‘MAGNESIA. OXIDE OF SILVER. 


Here we find oxide of silver oceupying the highest point in 
one scale and the lowest in the other, and none of the bases 
in the same position in both; and the inference we must draw, 
is, that neither scale is correct, and that such tables though 
exceedingly uscful as showing the results of careful experi= 
ments, are uot to be regarded as exuct representations of the 


order of affinities, but that it is necessary to apply to them a 
u2 
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number of corrections, a1 ¢ from some of the causes that 
have been dwelt upon in the early part of this lecture. 

To those who would wish to study the Electro-Chemical 
‘Theory, and the relations of electricity and affinity, I would 
particularly recommend the recent works of Graham and Kane, 
the popular nature of our Lectures will not, however, allow 
of our entering into a part of the subject so exclusively theo- 
retical, and involving so much hypothesis. 

Laws of Combination. ‘The following table representing the 
names of those substances which, having as yet resisted every 
attempt to resolve them into simpler bodies, are termed “ Ele- 
ments” with their Symbols and east combining proportions, 
is extracted from the valuable Elements of Chemistry, by 
Professor Graham. 


NAMES OF ELEMENTS 
WITH THEIR SYMBOLS, AND LEAST COMBINING PROPORTIONS. 



































q 4 | Bauivatents, 4 |_Eacivalents 
Namesof Elements. | ‘4 |! Names of Elements. | & |——_—— 
§ |as100| 4 an § lost00| ta 
© | 100-00 | g-o1 17 | 1372 
H | 12°4795] 1-00 | 331-26 | 2654 
NY] 174 |is9 4202 | 33-67 
C | 7644 | 613 | 74490 | 59.83 
8 | 20117 |i612 | 402°51 | 32-95 
Se | 494°58 | 39°63 || ‘M589 | 27-72 
P | 302-28 | a1as 339-21 | o748 
B | 136-25 | 1u-91 403°23 | 32-31 
Si | 277-31 | 2222 69677 | 55783 
ci] 44265 | 35-47 368°99 | 29:57 
1 {157950 [126-57 360°68 | 20-62 
Br | 978°31 | 78°39 39570 | 3re71 
F | 233-8 896-92 | 71-07 
Potassium (Kalium) | K | 489°92 | 39°26 1294-50 |109°73 
Sodium (Natronium)] Na | 290-90 | 23°31 735-29 | 5092 
Lit L| 8033 | 6.44 74°70 | 46.08 
Ba| 856'88 | 68-66 271136 217-25 
Sr | 547-29 | 43°85 140-08 | 75°34 
Ca} 256-02 | 20°52] Antimony (Stibium) | sb | 1612-90 199-24 
‘Mg| 15835 | 12°69] Chromium........ | Cr| 351-82 | 9319 
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Equivalents, 
‘Names of Elements, Names of Elements. 


id 3 ‘Ons 100} Has 

























¥ | g56-a9 | 68°66 || Mercury (Hydrar- 
Mo} sogs2 | 1706 


ta| 2907-43 |184-00|) Platinum. 
‘te | 801°76 | 64°25 || Palladium 
my | 203°66 | 20:38 |) Rhodium. 
Os| 1244-49 | 99-72 | Iridium, 











It is well known that alcohol, sulphuric, mu or nitric 
acids may be mixed with water in any proportion: a drop of 
acid may be diffused through a whole gallon of water, or a 
drop of water through a gallon of acid, or they may be mixed 
in any intermediate proportions, and nevertheless appear to 
unite perfectly with each other, In the same way one hundred 
grains of water will dissolve any quantity of sen-sult up to 
forty grains, but here its solvent power ceases, because the 
cohesive force of the particles of the solid at this point exactly 
balances the force of affinity. 

Substances united in this manner preserve, more or less, the 
properties which they possessed when separate, and the allinity 
which unites them is comparatively feeble, 

Bot bodies also enter into combination with cach other in 
a different and much more important manner. ‘The peculiarity 
of this sccond sort of union being that the proportions in 
which the bodies combine are limited on both sides, and the 
composition of the compounds produced, fixed and invariable + 
for examples—it has been mentioned that one hundred grains 
of water can freely dissolve any quantity of salt (chloride of 
sodium,) up to forty grains, but the chlorine and the sodium 
which constitute the salt, form it only in certain proportions, 
and whether we examine chloride of sodium as it exists in 
ature, or whether we form it artificially in the laboratory, we 
shall Gad that one hundred parts always contain 39:66 of so- 

ad 
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dium and 60°34 of chlorine; and moreover, we shall find it 
wholly impossible to give it the smallest particle more of cither 
of its elements without altering its character. Again: if we 
examine water, cither as it falls from the clouds in rain, or as 
we procure it by allowing a stream of hydrogen gas to burn 
in an atmosphere of oxygen, or as it is condensed from steam 
in the still, we shall find its composition uniform, and that one 
hundred parts contain by weight 11-1 parts of hydrogen and 
88-9 parts of oxygen. It may indeed contain impurities which 
are foreign to it, but ‘in all circumstances, its necessary com- 
ponent parts remain the same. It is this constancy of propor- 
tion which has raised the Science of Chemistry to the exalted 
station which it occupies amongst the sciences, and which 
gives to analyses their value; for had it been otherwise, had 
chlorine and sodium, or oxygen and hydrogen for instance, 
combined also in intermediate proportions, we should never 
have acquired accurate ideas regarding the constitution of bo- 
dies, and none of the benefits derivable from experience or 
experiment could have been attained. 

We have in the early part of this Lecture stated fully, the 
reasons which induced the celebrated French Chemist, Ber-* 
thollet, to dissent from this first great law of definite propor- 
tions ; vi 











:—That the composition and properties of any given 
substance are always the same. His opinions were ably and 
successfully combated by Proust, and are now entirely aban- 
doned; the great accumulation of facts similar to those ob- 
served and advanced by Proust, having proved beyond a doubt 
that the leading principle of Berthollet is erroneous. 

lf we examine the composition of some of the compounds of 
oxygen, or ozides as they are called, we shall find that different 
clements unite with it in very different proportions ; thus :— 





Oxide of Oxide of : i 
Water. Copper. | Zine, | Oxide of Lead, | Oxide of Silver. 









‘Oxygen. 100 | Oxygen..100 | Oxygen..100 | Oxygen... 100 
Hydrogen 12'5| Copper ..396 | Zine. 


125 196 
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If we now examine the composition of the compounds of 
the same clements with sulphur, (sulphurets,) we shall find 
that the quantities combining with the sulphur, have precisely 
the same proportion to each other as the above table shows in 
the case of oxygen, though the quantity of sulphur is not one 
hondred, but two hundred and one. Thus :— 








If we now examine the compounds of the same elements 
with chlorine, we shall find that the same quantities of hydro- 
gen, copper, &e. combine with 443 parts of chlorine; an ex- 
amination of their compounds with bromine, will show 978 
to be the proportion of that clement; and with iodine, 1579. 
From the consideration of these facts, we derive the Second 
Law of Combination ; vir— *'Thut the relative quantities in 
which bodies unite, may be expressed by proportional num- 
bers.” ‘The figures attached to the oxygen, hydrogen, copper, 
&e, in the foregoing tables, represent the equivalents of those 
substances, and will be found to correspond with the numbers 
attached to them in the Table of Elements, under the ozyyen 
geale. Wt will be readily onderstood that any series of num- 
bers may be taken, provided the proper relation between them 
is preserved. In the oxygen scale the quantity of each sub- 
stance which combines with one hundred parts of oxygen, to form 
a protoxide, is represented,—Grakam, ‘The second series of 
numbers, under the hydrogen scale, are all twelve and a half 
times fess than the first, and express particularly the propor- 
tional quantity of each of the elements which unites with one 
part of hydrogen, the element the combining proportion of 
which is smallest, and is, on that account taken as unity. 

It is difficult to decide which of these two scales deserves 
preference: the hydrogen scale hus been, by the authority of 
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Davy, so long prevalent in this country, that it is difficult to 
supersede it, and it certainly possesses the advantage that hy- 
drogen has the smallest equivalent of all bodies, and did it so 
happen that the equivalents of bodies could be correctly ex- 
pressed by whole numbers, there is no doubt that preference 
would be given to it; but this is not the case, and increasing 
experience confirms that it is not, Chemists, therefore, have 
almost universally decided that the standard of oxygen is most 
convenient, the calculations being much simplified by its num- 
ber being 100; and there are but two or three bodies which on 
that scale require to be expressed fractionally, and even these 
may be neglected ; to this must be added the great preponder- 
ance of bodies in which oxygen exists 

The number of any substance, correctly obtained in experi- 
ment may be reduced to the standard scale by the rule of sim- 
ple proportions; for example :—if we heat 496 parts of oxide 
of copper in a glass tube, and pass over it at the same time a 
stream of dry hydrogen gas, it will become reduced to the 
metallic state, the hydrogen uniting with the oxygen it con- 
tained, forming water; now it has been shown that 496 parts 
of oxide of copper contain 396 parts of copper and 100 of . 
oxygen, and this latter entering into combination with 125 





parts of hydrogen, produces 112'5 parts of watér. 

In this instance it is clear that 125 parts of hydrogen pro- 
duce the same result of satisfying the combining power of 100 
of oxygen as the 396 of copper, and hence these quantities of 








hydrogen and copper are equivalent to cach other. But the 
experiment may be carried further; instead of reducing the 
oxide of copper by hydrogen gas, we may act upon it by mu- 
riatic (hydrochloric) acid; as before, the hydrogen would unite 
with the oxygen of the oxide, forming water; but another 
clement is present, namely, chlorine, which though climinated 
from its union with the hydrogen, would not be set free, it 
would unite with the copper, and the reaction would be so 
proportioned that the quantity of copper reduced by the by- 
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drogen of the hydrochloric acid, would be exactly sufficient 
to unite with all the chlorine which was therein contained, and 
form with it chloride of copper. 

In this case the 496 parts of oxide of copper would require 
455 parts of hydrochloric acid to effect its complete decompo- 
sition, and there would be formed 889 parts of chloride of 
copper, and L12+5 parts of water. From this experiment, be- 
sides the additional proof of the equivalency of 12:5 parts of 
hydrogen, to 396 purts of copper, we learn that 12 parts of 
hydrogen, and 396 parts of copper, unite equally with 443 of 
chlorine, and henee, that that quantity of chlorine corresponds 
and is equivalent to 100 parts of oxygen. It is in this way 
that the equivalents of most of the metals have been obtained. 
In these examples the exact equivalents of the elements on 
the oxygen scale have been taken, but as has been already 
observed, these numbers are quite arbitrary and only used os 
‘a matter of convenience. Had one hundred parts of oxide of 
copper been taken, 252 of hydrogen would have been required ; 
for 79°83 of copper, and 20°17 of oxygen enter into the com- 
position of 100 parts of the oxide, and the water produced 
by the decomposition would have been 22°69. Again, to 
effect the decomposition of the oxide by hydrochloric acid, 
91-73 of acid would have been required, and there would have 
been produced as before 22-69 parts of water, and 16604 of 
chloride of copper, consisting of 89-21 of chlorine, and 79-83 
of copper; then, to reduce these numbers to the equivalents 
of the respective substances on the oxygen seale, the operation 





100. + 395-70 = equivalent of copper. 
3967 : 44265 = cquivalent of chlorine. 
52 3: 100; 12:4795=equivalent of hydrogen. 
and on the hydrogen seale, 
as 252 : 7983 2: 1 = equivalent of copper. 
F983 + 80-21 2: 31-7): 35-47 = equivalent of chlorine, 
252 22017 :: 1 + 8 = equivalent of oxygen. 
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It is not only to elementary substances that this law of com- 
bination applics, since compound bodies have their combining 
proportions or equivalents, which may likewise be expressed 
in numbers. Thus, since water is composed of one equivalent 
of oxygen, 100 or 8, and one equivalent of hydrogen, 12:5, 
or 1, its combining proportion or equivalent is 1125 or 9. 
(Here we may state that, having explained the manner in 
which the equivalents of substances are calculated, for either 
scale, in future we shall refer to the oxygen scale alone, and 
give the whole numbers, except in the case of water, which 
will always be represented by the number 1125, and those 
compounds containing hydrogen, whose equivalent numbers 
are small.) The equivalent of sulphuric acid is 501, because 
it is a compound of one cquivalent, or 20] parts of sulphur, 
and three equivalents, or 300 parts of oxygen ; but the strong- 
est oil of vitriol which can be made contains water, and con- 
sists of sulphuric acid 501 + water 112°5; here the water is 
in its exact combining proportion, and we may consider oil of 
vitriol as composed of one equivalent of sulphuric acid, and 
one equivalent of water. 

The equivalent of zinc is 403, and of oxide of zinc 563, 
consequently the combining proportion of sulphate of oxide 
of zinc is 1004, its composition being oxide of zinc 503+501 
sulphuric acid. The equivalent of sulphate of potash is 1091, 
those of the clements concerned in its composition being ss 
follows :— 

Potassium.. 490 Sulphur.. 201 
Oxygen.... 100 Oxygen.. 300 


590, + 501 = 1091 
but these two salts, sulphate of zinc and sulphate of potash 
enter into combination, forming a double salt, the equivalent 
composition of which can be beforehand determined. 
Sulphate of zinc. . 1004 one equivalent. 
Sulphate of potash.. 1091 one equivalent. 


Double sulphate of zinc and potash 2095 one equivalent. 
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It is however it relation to the mutual decomposition of 
saline bodies that the principle of equivalent proportions be- 
comes of most interest, and by which it is best illustrated. 
‘Thus, if to u solution of nitrate of lime, we add a solution of 
carbonate of ammonia, there is immediate decomposition by 
the mutual interchange of acids and bases, as represented in 
the diagram, page 116, and the neutrality of the solution remains 
completely undisturbed ; the salts which exist after mixture are 
equally neutral with those which had existed previously, and 
the quantities of acids and bases which are involved in the 
decomposition are hence equivalent to each other. ‘This eu- 
rious fact, which was first noticed by the Saxon chemist, Wen- 
zel, is now readily explained. ‘Thus, in the decomposition 
referred to, if we tike 1083 grains of nitrate of lime, we find 
that they require for their decomposition exactly 490°5 grains 
‘of carbonate of ammonia, and that there are formed 891-5 
grains of nitrate of ammonin, and 632 grains of carbonate of 
lime. 

‘The composition of these four salts is :— 








NITRATES OF LIME. CARBONATE OF AMMONIA. 
Nitric acid... ... 677 Carbonic acid. ... 276. 

Ammonia........ 2145 

4905 





CARBONATE OF Liste, 
Carbonie acid 276 
Limes... +s 





All four of these salts are neutral. The acids and bases are 
in all equally neutralized, and hence the 677 of nitric acid, and 
276 of carbonic acid being capable of saturating the same 
quantity of buse, whether it be lime or ammonia, arc equiva- 
lent quantities, and represent the combining proportions of 
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these acids ; and the 356 of lime and the 214°5 of ammonia 
being likewise shown to possess equal powers of neutralizing 
the acid, whether nitric or carbonic are the numerical equiva- 
lents of those bases. It matters not whether more or less 
than 490:5 grains of carbonate of ammonia are added to the 
nitrate of lime, for if more, a small quantity will remain in 
solution, if less, the nitrate of lime will be in excess, but in 
neither case will the neutrality be in the least affected. 

‘The method of determining equivalent numbers will now be 
obvious. If the substance be an acid, it is to be combined 
with some base of which the equivalent is known: if it be a 
base, it must be united with an acid. If it be a metal, it must 
be united with chlorine or oxygen. If it be a simple non- 
metallic body, it may be united with a metal. In apy case, 
-defined compound of the new body, with one whose equi- 
valent number is already known must be obtained and accu- 
rately analyzed. The equivalent numbers of the two bodies 
are proportional to the quantities in which they were com- 
bined, provided we have reason to consider that the compound 
examined contained an equivalent of each. Thus, if the new 
body form with sulphuric acid a perfectly neutral and soluble. 
salt, and on analysis this yiclds 37:3 sulphuric acid, and 627 
of the new base in 100, the equivalent is found by the pro- 
portion, as 37°3 : 62:7 :: 501 : X = 842, which is the equi- 
valent of the body, 501 being that of sulphuric acid, and 100 
that of oxygen.—Kane. 

This calculation must however be checked by applying to it 
the law of multiple proportions, which constitutes the Third 
important Law of Combination. It is, that when one body, 
A, unites with another body, B, in two or more’ proportions, 
the quantities of the latter united with the same quantities of 
the former, bear to cach other a very simple ratio. This is 
well shown in the compounds of manganese and nitrogen, each 
with oxygen, which are as follows :— 





we 
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ONE BQUIVALENT. 

346 of manganese, unite with 100 of oxygen, forming protoxide. 
. 150, +» Sesquioxide. 
- 200. ~++ peroxide. 








250. manganons acid. 
. 300. ....manganie acid. 
. 350. = permanganie acid, 


Here it will be perceived, that the quantities of oxygen taken 

by the manganese, are multiplies of one half the quantity con- 
tained in the protoxide, and are as the numbers 2, 3, 4, 5, 6, 
analogy however renders it probable that there is an undis- 
covered compound of 346 manganese with 50 oxygen, which 
would constitute the first term of the series. 
177 of hydrogen unite with 100 ofoxygen, forming nitrous oxide. 
Uffersrseasesesacc sans WOW ai sere dened eeeere nitric oxide. 
17... . hyponitrous acid. 
177. . + snitrous acid. 
177. . «nitric acid. 
Here the first compound consists of a single combining pro- 
portion of each of its constituents ; but in the other compounds 
a single proportion of nitrogen is united with quantities of 
oxygen, which correspond exactly with 2, 3, 4, and 5, combi- 
ning proportions of that clement. 

Compound bodies likewise unite among themselves in mul- 
tiplies of their combining proportions, us well as in single 
‘equivalents, 

‘Thus, in the compounds of potash and chromic acid, 

590 potash, combine with 652, one equiv: chromic acid, to form 
yellow chromate of potash, 

590 potash, combine with 1304, two equiv: chromic acid, to form 
red chromate of potash. 

Tn the compounds of sulphuric acid and potash, 

590 potash, combine with 501 sulphuric acid, forming the 
neutral salphate. 

590 potash, combine with 1002 sulphuric acid, forming bi- 
sulphate. 
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In the carbonates and oxalates of potash, 
276, or one equiv: of carbonic acid, combine with 
590, or one equiv: of potash, to form carbonate of potash. 
552, or two equiv: of carbonic acid, combine with 
590, or one equiv: of potash, to form bicarbonate of potash. 
452, or one equiv: of oxalic acid, combine with 
590, or one equiv: of potash, to form oxalate of potash. 
904, or two equiv: of oxalic acid, combine with 
590, or one equiv: of potash, to form binoxalate of potash. 
1180, or four equiv: of oxalic acid, combine with 
590, or onc equiv: of potash, to form quadroxalate of potash. 
It was by the verification of this law, by Wollaston, in the 
carbonates and oxalates of potash, that it gained universal ac- 
ceptation. He took a quantity of bicarbonate of potash, and 
dividing it into two equal parts, he cxposed onc half to a red 
heat, by the effect of which the salt lost some carbonic acid 
and becaine neutral carbonate, and both por being after- 
wards decomposed by an acid, the salt in its original condition 
was found to afford a measure of carbonic acid gas, exactly 
the double of that yiclded by the portion exposed to the high 
temperature. 
In salts with excess of base, the same principle holds, as 
Kane has shown in the sulphates of copper; thus:— 
496 oxide of copper + 501 sulph: acid, form neutral sulphate. 
992. ‘ . + 50l .- -bibasic sulphate. 
. +501 quadribasic sulphate. 
5. » + 501 -- .octobasic sulphate. 
We will not pursue this any further at present, since, during 
the remaining Eight Lectures numcrous opportunities will oc- 
cur, to show the universality of this beautiful law. One word 
however on the Symbols placed before the equivalent numbers 
in the second column in the Table of Elements; their great 
use consists in supplying an exact expression of this law of 
multiple proportions. The ordinary symbol of a body indi- 
cating an equivalent of it; the number by which that symbol 
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is multiplied, in the formula of euch compound body, repre- 
sents the number of equivalents therein contained. ‘Thus, in 
the instances just given, the symbolical expressions for nitro~ 
gen and its compounds with oxygen, are 





N_ Nitrogen. NO, Hydronitrous acid. 

NO Nitrous oxide. NO, Nitrous acid. 

NO, Nitric oxide. NO, Nitric acid. 

For manganese and its compounds with oxygen. 

Mn Manganese. Mn.0, Peroxide, 
MnO Protoxide of manganese. MnO, Manganic acid. 
Mn,0, Sesquioxide. Mn,O, Permanganie acid. 
‘Theexpression for the yellow chromate of potash, isKO+Cr0,. 
For the red chromate, KO-+-2Cr0,. 


‘The expression for the neutral sulphate of potash, is KO+S0,, 
For the bisulphate, KO+2S0,. 

‘The expression for the carbonate of potash, is KO+CO,. 
For the bicarbonate, KO +2C0,. 

‘The expression for oxalate of potash, is KO+C,0,, 

For the binoxalate, KO+2C,0,. 

For the quadroxalate, KO+4€,0,. 

‘The expression for the neutral sulphate copper, is Cu +SO,. 
For the bibasie sulphate, 2 Cu 0+S0,. 

For the quadribasic sulphate, 4 Cu O4S0,, 

‘And for the octobasic sulphate, 8 Cu0+SO,. 

‘The great use of these symbols will, on a little consideration, 
become obvious, though at first, to the beginner in Chemistry 
they may seem unnecessarily embarrassing. All that is re~ 
quired, is to learn the expression for each of the Elementary 
Substances, which may very soon be done, and then their 
utility will appear: we see at once the composition of any 
compound, and express by a few letters what, if written at 
length, would occupy many lines:—an instance, taken from 
the organic kingdom will show this without further explanation. 

‘The expression for spermaceti, is 
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2 (Cy HO.) +2 (CyHaO,) +3 (C,Hu) +3 (HO) 


representing 
2 equivalents of margaric acid. 3 cquivalents of cetene. 
2 equivalents of oleic acid. 3 equivalents of water. 


By this formula we sce at a glance, not only the composition 
of spermaccti, but that of the margaric and oleic acids and 
cetene, and we learn also, that two equivalents of cach of 
these acids, added to three of cetene and three of water 3(HO) 
together, make up precisely the sum of the elements con- 
cerned in the formation of spermaccti. 

By the formula KO+C,O,, representing oxalates of potash, 
we learn not only that that salt is composed of an equivalent 
of cach of its constituents, but we are informed also that 
potash is a protozide of potassium or kalium, and that oxalic 
acid is composed of two cquivalents of carbon, united to three 
equivalents of oxygen. 

We shall procced in the next Lecture to the cousidcration 
of the remarkable relation between the equivalents of gascs 
and their volumes; after which we shall say a few words on the 
Atomic ‘Theory, and then proceed with the Undecompounded 
Substances, commencing with oxygen. 
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THEORY OF VOLUMES:—TNE SPECIFIC GRAVITIER AND 
ATOMIC WEIGHTS OF GASES BEAR A SIMPLE RELATION TO 
FACM OTHER—2XAMPLES: 





TARLE OF THE KQUIVALENT 
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. 
Soon after the publication of Dr. Dalton’ 
atomic constitution of bodies, it was shown b 
Lussac and Humboldt, that gases unite togetl 
very simple and definite proportions, 
hydrogen gases in the proportion in which they 
composition of water, which we have already: 
parts of oxygen to 12:5 of hydrogen, we shall 
volume or space occupied by the latter will be p 
that occupied by the former: in other words, w 
that water consists of 100 measures of oxygen 
measures of hydrogen, and on submitting water to 
of voltaic electricity, and collecting the evolved | 
rate graduated vessels, we shall invariably find 
gen will occupy exactly double the space of the 0 
oxygen is sixteen times heavier than hydrogen, 
proportion by weight of these two gases in wat 
to one, we may consider that one volume of hydro 
bined with half a volume of oxygen, to form 
vapour of water or steam, for the specific weight 
to that of hydrogen as nine to one, and the comb 
and volumes of the elements of water and of it 
be thus represented, 


Hydrogen | Oxygen 
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Gay Lussac then proceeded to examine other gaseous com- 
pounds, in which he found the same simple relations; thus he 
found that 100 volumes of ammonia combine with precisely 
100 volumes of hydrochloric acid gas; ammonia was found to 
consist of 100 volumes of nitrogen and 300 volumes of hydro- 
gen; carbonic acid, of 100 volumes of carbonic oxide, and 50 
volumes of oxygen ; and sulphuric acid, of 100 volumes of sul- 
phurous acid and 50 of oxygen. He likewise observed, that 
the product of the union of two gases, if itself a gas, some~ 
times retains the original volume of its constituents, no con- 
traction or change of volume resulting from their combination; 
thus, one volume of nitrogen and one volume of oxygen form 
two volumes of deutoxide of nitrogen; one volume of chlo- 
rine and one volume of hydrogen form two volumes of hydro- 
chlorie acid gas: and that when contraction takes place, which 
generally is the case, the volume of the compound gas bears a 
simple ratio to the volumes of its elements. 

‘Thus, two volumes of hydrogen and one volume of oxygen 
form two volumes of steam; one volume of nitrogen and 
three of hydrogen form two volumes of ammoniacal gas; one 
volume of hydrogen and one-sixth of a volume of sulphur 
vapour, form one volume of sulphuretted hydrogen gas. 

‘This relation by measure which is found to subsist between 
gases, arises from the circumstance that their specific gravities 
correspond either exactly with their alomic weights, or bear a 
simple relation to them. ‘Thus, the atom of chlorine gas is 
35°5 times heavier than that of hydrogen gas, so that the com- 
bining measures of these two gases, which correspond with 
single equivalents, are necessarily cqual. ‘The atom of nitro- 
gen and its weight as a gas being both 14°2 times greater than 
the atom and weight of hydrogen gas, their combining volumes 
must be the same—Grakam. 

If we submit to heat those quantities of iodine and bromine 
which are expressed by their equivalent numbers, they be- 
‘come converted into vapour, ee occupy precisely the same 
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and that of hydrochloric acid gas, as 
‘Combining measure, Combining moasure, Combiaing measure, 


or or or 
two vols: of hydrogen. two vols: of chlorine. _—_four voles of hydrochiloric acid. 











5078 

Volumes of the gases may be represented by equal squares, 
with their relative weights inscribed, having relation to the 
oxygen volume, 100, or 1102°6, which is found more conye- 
nient, since it represents the weight of a volume of oxygen, 
the volume of atmospheric air being 1000. 

The double squares, representing hydrogen, chlorine, &e. 
are divided into imaginary squares by dotted lines, the actual 
division being of course as impossible as the division of an 
atom; in these squares are inscribed one half the equivalent 
number of the substance; in the case of hydrogen, the whole 
number is ¢éwice 69=138, which bears the same relation to the 
assumed number of oxygen, 1102-6, as 12:5 the equivalent 
number of hydrogen on the oxygen scale does to 100. 

In hydrochloric acid gas, where no condensation takes place 
‘on the union of its clements, there is an imaginary division 
into four volumes, in each of which is inscribed one fourth of 
the number representing the combining measure of the gas. 

Lastly, it must be observed, that the discovery of this sim- 
ple relation between the volumes of the constituent and com- 
pound vapour has farnished us with a very convenient method 
of calculating the specific gravity of a vapour. Thus, to cal- 
culate the specific gravity of ammonia, we know that it is 
formed by the union of three volumes of hydrogen and one 
of nitrogen, and the weights of these volumes being as their 
specific gravities, if the four volumes were condensed into 
one volume, the specifie gravity of ammonia would be 976, 
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volved, they are founded on experiment 
considered as a mere expression of fucts. 

The Atomic Theory of Dalton, on the o 
most beautiful, as well as the most 


instances comminuted to an extent beyond our 
ception. All substances are suppose to be co 
particles perfectly indivisible, and hence truly atoms 
acertain absolote, and possibly appreciable weight 
ther supposes that in different kinds of matter, # 
of different weights and magnitudes, the latter 
of no material interest: now if we imagine the 
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Name, Atom. ‘Weight of Atora. 
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A different set of symbols was proposed by Dalton, to re= 
present the mode in which he conceived bodies may combine 
together, thus:— 


Hydrogen. O Oxygen. 
Nitrogen © Carbon, 


BINARY COMPOUNDS. 


Om 
) @ Carbonic Oxide. 


TERNARY COMPOUNDS. 


Oo} Binoxide of Hydrogen. 
ie) Carbonic Acid. 


Substances containing only two atoms, he called dinary com- 
pounds; those composed of three atoms, ernary compounds; 
of four, guaternary, and 50 on. 

Now, it must be observed, that we are utterly ignorant of 
the nature, size, form, or actual weight of the atoms of ele- 
mentary bodies, and of the mode in which they are grouped 
or arranged; all we know is their actual weight. We know 
perfectly well that whatever the atom of oxygen may actually 
weigh, it is eiyht times heavicr than the atom of hydrogen, 
or they are to each other as 100 to 32:5. 






















‘The terms atom and atomic weight, may 
as synonymous with equivalent quantity, 
portion. 


theory, but a modification of it, founded h 
istence of a similarity between atoms in their 


sider that it is possible, aud indeed more 

ment to explain all the laws of chemical c 

independent of all considerations as to whether 

that combine are indivisible or the reverse, Th 
word atom, if interpreted in its strict and 
unnecessary, and consider that it may be injurious, 
with any vague or undefined meaning. 

With a quotation from the admirable work o 
explanatory of the manner in which the Atomic’ 
be regarded under this point of view, I shall 
the subject, begging to refer those of my re 
wish for more ample information on the subject 

* Theory, to the elegant Essay and Supplement 
Daubeny.* 

“ T consider,” says Dr. Kane, “ that sensible m 
© An Sutroduction to the Atomic Theory, comprising m akateh of 

Acrtained by the most distinguished ancient and modern 


‘the constitution of matter, by Chacles Daubeny, M.D. F. RAS. 1 
‘miatry in the University of Oxford. Price G¢., and a Supplement to tho ws 





VIEWS OF KANE. 139 


ter are constituted of a number of lesser masses, which again 
may be made up of similar constituent groups, proceeding 
downwards to any extent, but still without involving the ques- 
tion of a limit to the degree of possible division. One class of 
these groups of particles, | consider to be represented by the 
equivalent numbers: and it is possible that these numbers 
may indicate the manner in which the chemically combined 
groups may be disposed to subdivide themselves: in order to 
generate a set of groups of an inferior class. The specific 
heats of bodies may be considered w have reference to an 
order of groups of particles often, but not necessarily coinci- 
dent with those that combine to produce chemical compounds; 
and the third, probably the most remote, engaged in the ordi- 
nary properties of matter, may be such as being uniformly 
distributed in the gaseous form, confers upon thase bodies the 
properties which characterize mechanically that condition, and 
are independent alike of the chemical properties and specific 
heats which appertain to, and are exhibited by groups of a 
more complex structure and superior order. From this point 
‘of view I contemplate the Atomic Theory.” 

‘The electrical agency appears to be so intimately connected 
with chemical action, becoming sensible in all cases of unionor 
decomposition, and being developed in a degree proportional 
to the amount of the same, that the opinion of their identity 
is held by many of the most distinguished philosophers. 1 
shall not however cnter upon the subject of Electricity here, 
having some little time since submitted to the public, a short 
course of Bight popular Lectures, on the sciences of Electricity, 
Galvanism, Magnetism, and Magneto and Thermo Electricity, 
which little work I can confidently recommend to the notice 
of the general reader. 

1 proceed now with the non-metallic undecompounded 
bodies, 

OXYGEN. 
‘This is the most extensively diffused body in mature, It 

















face of the earth. 10 taerd ato a 
animal and vegetable substances; and in 


which indeed, it may be considered as fo 
the total weight. It is consumed in it 

the processes of respiration and combustion, a 
of organized existence are connected and 






for its combustion thirty-two cubic feet, yet 
this immense hourly consumption, the quant 

principle is not diminished in the atmosphere, 
same proportion to the nitrogen the other ing 
it did centuries ago, for which an explanation 

















procuring this gas for examination; the one most 
resorted to is the partial decomposition of the p 
manganese (Mn O,) by means of heat; to effect th 
ceed as follows. A pound of good Exeter manga 
washed with diluted hydrochloric acid, to d 
bonates which may be present, and then repeat 
water; it is afterwards made thoroughly dry by 
heat. ‘This purified material is then introduced 


necting tube, 4, which may be a piece of sound 
to this again is attached a smaller tube, c, by means | 
and to give freedom of motion, the delivery tube, 
nected with ¢, by means of a cuoutehoue co 
caoutchouc connectors are invaluable in the cl 
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tory for uniting with ense and expedition Fig, 30. 
various pieces of apparatus. They are very 

readily made by taking a piece of sheet . 
India robber, (which may be procured of 
any Philosophical instrument maker, at a 
very moderate price,) about an inch square, 
and having warmed it at the fire, wrapping 
it round a piece of glass rod or tube rather 
smaller than the connectors are required, 
then, on cutting the edges of the caoutchouc 
with a sharp pair of scissars, the clear sur- 
faces will be found to adhere very readily, 
and by pressing them together with the 
thamb-nuils, « strong and perfect. joint is 
obtained, If « thin glass tube be employed, 
it may be removed from the interior of the 
cuoutchoue tube by crashing it in pieces, 
but if a glass rod be used, it is advisable to 
rab it over with a little chalk previous to wrapping the India 
rubber over it, as by this means adhesion is prevented. 

The iron bottle may be about two-thirds filled with the 
peroxide, and the tubes being securely united, it may be 
placed in any convenient furnace or fire-place, it soon becomes 
red hot, vapour of water first passes off, but when a piece of 

Fig. 31. 
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best done soin a gasometer. "Thewhole 
in Fig. 31. 
The construction of the gas 
holder is as follows :— a, Fig. 32, 
is a japanned cylindrical copper 
vessel, of the enpacity of four or 
five gallons, furnished with two 
handles; on this is secured by 
five props of copper, another ves~ 
sel, 4; two of these props are 
hollow tubes with stop cocks; one 
of them, c, passes down ve rly 
to the bottom of the vessel, the 
other, d, only extends to the up- 
per surface ; when the gasometer . 
is about to be filled with gas, it is first filled with 1 
pouring it into the upper vessel and opening both 
the water runs in through c, and the atmospheric air ese 
through d; the height of the water in the vessel is shos 
the guage-pipe, ¢. The vessel being full of water, t 
are closed, and then the plug, /, may be remoyed, 
obvious that no water can escape, because no air can € 
supply its place; but if air be introduced at this 
then, of course the water will flow out, the air 
place. The method therefore of filling the ¢ i 
any required gas, will be casily understood by 
Fig. 31, in which the iron oxygen bottle is repre 
fornace with its delivery tube inserted in the lower 
the gas-holder placed over a tub; the heat expels ox 


























as it may be required for experiment, ‘ccna 
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filled with water, we may either collect the gas in an air jar 
inverted over d, both cocks being opened, or, which is much 
more convenient, we may conduet it to any vessel standing 
over the pneumatic trough, by means of the flexible tube, g- 

In the process just described for procuring oxygen gas, not 
more than one-third of the oxygen is expelled from the perox- 
ide of manganese, This metal, a4 has been already stated, is 
capable of uniting with oxygen in several proportions, as 346 
parts of manganese or one equivalent, with 100, and 200 
parts of oxygen and two equivalents of manganese, with 300 
of oxygen. 

‘These compounds are 





Protoxide of manganese. . 446. 
Deutoxide,.....~ seeee 992. 
Peroxide, or native black oxide MnO, a. 546, 


When the peroxide is submitted to a red heat, the change 
which takes place in it may be thus expressed — 


20. .200 - 
eee eT! { Mn,0, 992 + MnO 446 ti 
Or, 


1638 grains of peroxide of manganese, yield 200 grains of 
oxygen gas, and 1433 grains of a mixture of 992 grains of 
dentoxide and 446 grains of protoxide of manganese. 

‘We are here supposing the peroxide to be pure, which it 
never is, as met with in commerce; we may consider four 
gallons of gas from one pound, to be about the maximum ob- 
tainable quantity. 

By treating the peroxide of manganese with oil of vitriol, 
a larger quantity of oxygen gas ought theoretically to be ob~ 
tained, one half of that principle becoming free, and sulphate 
of protoxide of manganese being formed; we rarely however 
obtain this increased quantity, and the operation is not con- 
venient in practice. 

‘The oxygen gas obtained by the partial decomposition of 
peroxide of manganese, is not quite pure, though sufficiently 
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placed,"having been Fig. 34. 
previously filled with 
water in the well, 
6. The retort or 
vessel in which the 
gas is gencrated is 
placed on the shelf 
d; the delivery tube 
being passed under 
the recciver stand- 
ing over the groove, 
the lower shelf e, is 
very convehient for 
the reception of jars, 
&e.and thelegsof the 
stand may be fur- 
nished with castors, 
by means of which 
the apparatus may 
be easily moved to 
different parts of the laboratory as 
occasions may require. Common 
confectioners’ jars,and apothecaries’ 
phials will answer exceedingly well 
for receiving and retaining gases 
‘over the hydro-pneumatic trough; 
but jars are sold of various sizes 
and shapes for the purpose, by the 
Philosophical instrument makers. 
It is convenient to have a few of 
these graduated into cubic inches 
and supplied with a stop-cock, as 
in Fig. 35; and for measuring small 
quantities of gas, tubes, graduated 
into 10ths and 100ths of a cubic 
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inch, as in Fiy. 36, may be employed. It is convenient also to 
have a few jars open at the top und bottom and carefully 
ground, so that they may be covered with ground-glass plates; 
they may be had of Mr. J. Ward, 79, Bishopsgate Street 
Within, of half pint, pint, two pints, three pints, and four 
pints capacity, at 1s, 6d., 2s. 6d, 4s., 4s. Gd, and Ss. each, 
‘There are some gases however, as cyanogen, sulphuric, and 
moriatic acid guses, ammonia, &e., which cannot be collected 
or preserved over water, in consequence of their solubility in 
that fluid, for these we employ mercury, and in consequence 
of the great expense of that metal, various plans have been 
devised for economising it in the construction of the mereurio- 
pheumatic apparatus: the best and most complete arrange- 
ment is that contrived by Newman, (Quarterly Journal, vol. 1, 
page 185,) and represented in Fig. 37, It consists of a trough 
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of cast-iron, supported by brass or iron legs, and having a 
ymall gasometer at one end. It is placed in a japanned iron 
tray to collect the scattered mercury; in the figure, a, is the 
shallow, 6, the deeper part of the trough; e, is a aliding stand 
for a lamp; f, a detonating tube screwed into a apring sup- 
port; ¢, the gasometer which is filled from the bottom, through 
the small basin of mercury at d. This is a very expensive 
apparatus, and requires a considerable quantity of mercury, st 
least 40 lbs. to work it with. It is, however, by no means 
necessary for the beginner in pneumatic chemistry, though in- 
dispensable in the laboratory of research; a much simpler and 
cheaper trough has been devised by Ollerenshaw, it is shown 
in Fig. 38; it is 
made of cast-iron, 
and is applicable 
with only 7Ibs. of 
mercury ; it may 
be had of Messrs. 
Knight, of Foster 
lane, for 18s., or 
mounted on iron 
legs, with a well, for £1. Fig. 39. 
17s, and the mercury will 
cost about 30s. more. A 
set of small thick jars arc 
made to use with this 

trough, as represented in Gita Oe 


the figure, and may be had IZ] 
AZ 
ne 


of the same makers. 
Sh 











The student may even 
dispense with a trough al- 
together, by employing a 
little apparatus devised by 
Cooper, and shown in Fig. 
39, it consists simply of a 
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bent tube, supported by a forceps over a small evaporating 
dish; itis filled with the gas to be experimented upon from a 
little retort, in the manner shown in the figure, and will be 
found to answer the purpose exceedingly well when the general 
characters of the gus are only desired to be ascertained. 

Indeed when no great Fig. 40, 
precision is required,many 
of the guses absorbable by 
water, may be collected 
and examined by displace- 
ment. Mfthe gus be lighter 
than atmospheric air, it 
may be generated in the 
flask », Fig. 40, and col- 
lected in the inverted ves~ 
sel, ¢, if heavier than at- 
mospheric air it may be 
generated in p, and col- 
lected in a; by the former 
method ammonia may be 
collected and examined 5 
the latter furnishes a good 
method of collecting and 
examining the protoxide 
of chlorine. 

A little practice will soon enable the student to become ex- 
pert in manipulating with the gases over the hydro-pneumatic 
trough. Air is transferred from one vessel to another by an in- 
verted pouring; when we pour water into a jar we displace 
the air, the water being heavier, and conversely if we first fill 
the jar with water and invert it over that fluid, we may sub- 
stitute any kind of air (not absorbable by water) for that water 
by passing it under the mouth of the inverted vesscl, when, 
from its superior levity it will remove the water and occupy 
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find that in filling jars over mercury 
in consequence of the absence of that adh 
to take place between the particles of wi 


‘up in a quiet and uniform stream; in we 
hand the gas passes up by jumps, frequently 
once: all these little particulars will however 
miliar—and be guarded against by the operator. 
the volume of gas in a jar standing over 


to the pressure of the atmosphere as indicated | 

simple rules have been given for this in our se 
‘To return to oxygen :—Fig. 41 represents a 

for obtaining oxygen gas by the decomposition o 








PROPERTIES OF OXYGEN. 11 


Into the little retort, which must be of hard glass, there is 
introduced some red oxide of mercury, (known in pharmacy 
as red precipitate) say an equivalent (HgO) 1366 grains; the 
retort is then attached to a receiver, provided with a tube, 
passing to the pneumatic trough, On applying the heat of an 
argand lamp to the oxide of mereury, it is entirely decom- 
posed; the oxygen is given off in the form of gas, and the 
mercury distills over into the receiver. From one equivalent 
of the oxide we get 100 grains or ne ic inches of 
oxygen gas, and 1266 grains of mercury ure found in the 
receiver. 

Properties of oxygen gas:—It is colourless and destitute of 
taste and smell: when however it is obtained by the voltaic 
decomposition of water, it always has a very peculiar, and in 
large quantities quite a pungent smell; the odour is precisely 
similar to that which accompanies the electricity of the elec- 
trical machine, and which every person who has witnessed the 
working of # large one cannot fail to have noticed. It is 
worthy of remark, that the hydrogen of the decomposed water 
has not the slightest odour, and there is no doubt that its 
presence in oxygen is occasioned by the presence of some, as 
yet uninsulated substance, to which Dr. Schoenbein has pro- 
visionally proposed the name of ozone, *OLw Greek, to smell. 

Oxygen gas is heavier than atmospheric air in the propor- 
tion of 11026 to 1000, (Dulong and Berzelius,) and if 100 
cubic inches of common air, at the temperature of 60°, and 
with the barometer at 30 inches, are taken to weigh 31 grains, 
100 cubic inches of oxygen will weigh 34:18 grains, and one 
cubic inch will weigh 0-3418, or nearly one-third of a grain. 

‘The most remarkable property of this gas is the energy 
with which it supports combustion. 

Experiment 1. Light « green wax taper, then blow it out, 
so that the wick continues glowing; in this state introduce it 
by means of a bent copper wire, into a jar of oxygen gas 3 it 
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pneumatic trough; have a large setae 
close at hand, and having touched the phospl 
wire, so that it becomes ignited, quickly 
oxygen gus over it, the phosphorus will burn 
splendour insupportable to the eye. In this | 
must be taken to dry the phosphorus h 
paper, otherwise it is apt to spirt and thro 
ments against the sides of the jar. When the 
consumed the jar will be observed to be filled 
vapours, and the rise of water in the vessel 
these vapours are absorbable by that fluid. By allo 
stand for about half an hour the white fumes | 
and the water will have risen nearly to the top: 
a drop of this water be now tasted, it will be fo 
sour, from which we learn that the combustion of 
in oxygen gas has given rise to the formation of 
was from this cireumstance, from the fact, a 
bustibles by uniting with oxygen, give rise to acid 
principle obtained its name; the word omygen 
from two Greck words ofug, acid, and yeyvew, | 
It was supposed by the French nomenclaturists, 
was indispensable to acidity, and though we have’ 
dance of evidence that this is not necessarily the « 
name is retained, because we have no better, and 
that in several of the most powerful acids, as 
and nitric, oxygen és the acidifying principle, and 
bases, a8 sulphur and nitrogen, have, to a 
acid powers increased, by an increase in the 
gen, with which they are caused to combine. 
Experiment 3. Light a smal! quantity of su 
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per epoon, and introduce it into a jarof ~ Fig. 42, 
oxygen gus, as represented in Fig, 42, 

it will burn with a beautiful blue flame, 

and sulphurous acid gas will be pro~ 

duced, strongly acidifying the water, 

which, at the conclusion of the experi- 

ment will rise in the jar. 

Experiment 4. Ignite a piece of charcoal, made from some 
Tight wood, and covered (if such can be procured,) with por- 
tions of the bark; introduce it into a jar of oxygen gas, as in 
the Jast experiment; it will burn vividly and throw off jets of 
brilliant sparks, the oxygen gas being converted into carbonic 
acid gus; if the charcoal be well burned and made of dense 
wood, it will not throw off sparks, but glow with intense heat, 
and gradually disappear, 

Experiment 5. Coil some harpsichord wire in a spiral form 
round a cylindrical rod, to the end attach a piece of waxed 
cotton wick, or dip it into melted sulphur; then light it, and 
immerse it in a jar of pure oxygen gas; the combustion will 
extend from the sulphur or wick, to the iron, which will burn 
with an intense white light, throwing out a number of brilliant 
sparks, occasionally allowing a globule of fused oxide to fall, 
emitting a most intense light, and the wire continues to fuse 
and burn till it is entirely consumed, or till the oxygen is ex- 
hausted. The heat evolved by this rapid combination of iron 
and oxygen is so great, that the melted oxide flowing down in 
drops from the extremity of the wire, fuses itself into the 
substance of the stone-ware plate on which it falls, even after 
passing through a layer of water; and if any of the drops 
happen to be projected against the sides of the jar, they will 
melt their way into its substance, or even, if the glass is not 
very thick, pass completely through. Another very convenient 
method of exhibiting the combustion of steel spring, is to 
screw a jet on the cock, m, of the gasometer, Fig, 43, and 
having opened the cock, ¢, allow a stream of gas to play on 
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lic iron becomes protowide of iron, its weight is 
this increase is precisely cqual to the weight of 


consumed. 

6, Take some turnings of zinc, | 
into a little ball, in which insert a small piece: 
sot fire to it and introduce it quickly into a jar 
the zine will take fire and burn with a bem 
surrounded by a white one. 

Experiment 7. Sntroduce into a jar of oxy 














acid, and three of charcoal powder; haeiee! 
will be green. ' 

Experiment 9. ntroduce a mixture of one p 
of burytes, and four of charcoal powder; the 
flame will be yellow. 

10. Introduce « mixture of equal 
trate of lime, and charcoal powder; the colour 
‘will be orange red. 

Experiment 11. Take a small piece of the 
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and having carefully wiped off the naptha adhering to its sur- 
face, heat it in a deflagrating spoon over a spirit lamp, and when 
a purple flame appears plunge it into a jar of oxygen, it will 
burn vividly; wash out the spoon with a little water, and dip 
into the washing a slip of yellow turmeric paper, it will Instantly 
become brown indicating the presence of the alkali potassa or 
oxide of potussium. 

From this experiment we learn, that a class of bodies en- 
tirely opposed Co acids is formed through the agency of oxygen, 
and it will hereafter be shown that all the alkalies, alkaline 
earths, and earths proper, are oxides of peculiar bases, and that 
those bases are metals. The nature of the compound formed 
with oxygen depends entirely on the nature of the base ; for in- 
stance, when arsenic is burnt in oxygen gas, an acid is formed; 
when potassium is burnt, an alkali is formed; and the onion 
of the metal calcium with oxygen gives rise to an earth, vizz 
lime. 

Oxygen gas is essential to animal life, and it is its presence 
in the atmospheric air which fits that compound for its uses 
in the economy of nature. The change which it produces in 
the blood of a living animal may be seen by agitating it with a 
portion of blood drawn from a vein, the derk colour becomes 
a fine vermilion red, characteristic of arterial blood. Oxygen 
gas then is absolutcly essential to arterialization, though to 
maintain animal life it must be diluted. 

‘An animal can live longer in a vessel of pure oxygen than 
in the same volume of atmospheric air: nevertheless its con- 
tinued respiration in a state of purity is injurious, nay, fatal. 
A rabbit is found to breathe it without inconvenience for some 
time, but after an interval of an hour or more the circulation 
und respiration are much quickened, and a state of great ex- 
citement of the general system supervenes ; this is followed by 
debility, and death occurs in from six to ten hours. The 
blood is found to be highly florid in the veins as well as in the 
arteries, and the heart continues to act strongly after the breath- 
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‘ing has ceased —Broughton. The animal lives as it were too 
fast, and deuth is occasioned by a general inflammatory fever. 

In every case of ordinary combustion there is a consumption 
of oxygen, and the heat produced depends exclusively upon 
the quantity of that principle consumed. The chemical com- 
binations of oxygen are of all chemical pho:nomenn those 
which we most frequently witness, and are all attended with 
the evolution of heat. When a body combines with oxygen, 
itis said in ordinary language to be burned, instead of under- 
going oxidation it is said to suffer combustion; a body which 
can combine with oxygen and emit heat, is termed a combustible 
and the oxygen in which the body burns, is called a supporter 
of combustion. 

We have seen that when iron is made to burn repidly in 
pure oxygen gus, great heat and light are emitted, and the 
metal becomes an oxide; but oxidation is often a very slow 
and imperceptible process, as in the rusting of iron, and the 
tarnishing of lead exposed to the atmosphere: the heat is 
then evolved in a very gradual manner and is dissipated, but 
hever aecumulates, Eyery circumstance which favours oxida- 
tion and quickens the process, occasions a greater or less de- 
velopment of heat, of this fact, lead furnishes a very instructive 
example; when that metal gradually tarnishes in the air, the 
heat, as has been observed, is dissipated, but when itis exposed 
in a fine state of division, (as it occurs in the lead pyrophorus,) 
to oxygen even in the diluted state in which it exists in at- 
mospheri¢c air, sufficient heat is developed to cause ignition, 
the pyrophorus spontaneously takes fire and burns. 

‘The heat occasioned by the absorption of oxygen is also 
well scen in the formation of vinegar from spirituous liquors 5 
it may even be observed in tallow, which, by peculiar manage 
ment, may be mide to undergo oxidation without producing: 
any flame, though the heat evolved is sufficient to keep it 
melted. This is an instructive experiment, it may be made by 
heating some tallow in a little cup, with a wire attached, till it 
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bolls and catches fire, the flame must then be blownout; never- 
theless, the tallow will continue in a state of low combustion, 
but without any visible flame, but on introducing the cup into 
ajar of oxygen, high combustion is rencwed.—Graham. As 
oxidation produces heat, so is the disposition of bodies to 
absorb and combine with oxygen much increased by heating 
them; hence it is, that to make bodies burn, they must be 
previously heated to a certain point, and from the circumstance 
of their continuing to burn till they are entirely consumed, we 
Tearn that the heat evolved during combustion is greatly supe- 
rior to that required, merely to inflame the combustible. 

All ordinary combustibles such as wood, coals, oil, tallow, 
wax, &e. yield, during their combustion, carbonic acid, gas, and 
water, both of these compounds being volatile, disappear, form- 
ing part of that wrial column that rises from the burning 
body: by this continuous removal of the products of combus~ 
tion, oxidation is greatly favoured. The interference of air 
in combustion is seen every day, in the facility with which 
fires are checked or extinguished, whea the supply of air ix 
lessened or witheld, and increased and invigorated when a 
larger supply of sir is furnished them by blowing with the 
bellows. 

‘The following cxpcriment the student will find interesting, 
as proving that a constant supply of oxygen is essential to 
maintain the combustion of an inflammable body. 

Experiment 12. Fix a small taper into a piece of cork, so 
that it may float in water; light it; then cover it with a bell- 
glass jar, open at the top; the taper will burn for some time 
without change, then more and more feebly in proportion as 
the oxygen is exhausted, and at Inst will expire. The air re- 
maining in the jar will be found onable to snpport further 
combustion, and a sccond lighted taper will be extinguished 
“immediately after it is introduced by the opening at top. 

It is very common to speak of the destruction of bodies by 
combustion ; in a general sense this is true, as their properties 





The most complete illustration of what eccurs' 
is furnished by the oxidation of mercury. E 
siderable time to a moderate heat, in a vessel of 
that metal is converted into red scales of oxide, 
the additional weight of a certain volume of oxy 











‘The following was the explanation of this 
by Mr. Kirwan, on the Phlogistic Theory. 
when exposed to a certain degree of heat in 
air, iimbibes indeed the pure air and nothing else, 
the whole of its own phlogiston; so that then it 
to contain fixed air, which is composed of phlo 

Phlogisticated air; and that in a greater degree 
latter is expelled while the former is retained: so 
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cealx wus always possessed of phlogiston sufficient for its own 
removal,” 

All the facts which have been noticed, and all the pha:no- 
mena which have been observed connected with combustion, 
have not hitherto enabled us to account for the most striking 
pheenomenon;—the evolution of heat; its reference to a loss of 
latent heat by the combustible and oxygen, from their change 
from gus or liquid, to solid; to a reduction of capacity for 
heat; to a discharge of clectricities; &e. is speculative and 
unsatisfactory ; and we must at present be content to receive 
the evolution of heat during intense chemical combination, 
#uch as oxidation, as an ultimate fact, for which, in the present 
state of our knowledge we are unable to provide an adequate 
explanation. 






















EXPERIMENTS TO ILLUSTRATE THE 
GEN GAS—ITS INFLAMMABILITY, 
LENT DETONATION WHEN MIXED WITH 
TED.—WATER SHOWN TO BE THE 


COMBINATION—EXPLOSION TY THE 
METHOD OF MAKING EUDIOMETER 
BINATION OF OXYGEN AND HYDROGEN 
OF SPONGY PLATINA ON INFLAMMABLE 
RIOUS PROPRRTINS OF THAT METAL IN A- 
DIVISION. —INTENSE HRAT OF THR FLAME 
OF OXYGEN AND HYDROGEN GASES—THE 3 
DLOWPIPE—DIPFERENT FORMS OF THE 
‘MING’S SAFETY JET—INTENSE LIGHT 
‘THE FLAME [3 DIRECTED AGAINST A CYLI 
THE OXY-RYDROGEN MICKOSCOPE—War 
OF BERZELIUS—INQUIRY AS TO THE 
‘THE TURORY OF ITs COMPOSITION—THE 
‘MENT OF FOURCROY, VAQUELIN, AND 
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‘TIRS OF WATER—ROCKS DISINTRGRAPED BY 173 SOLTDIFI- 
CATION. —CLOUDS—MISTS—FOGS, ETC.—GREAT IMPORTANCE 
OF WATER IN CHEMICAL PUCNOMENA—WATHE DISSOLVES 
AIN—THE AU FOUND IN HAIN AND SNOW WATER 18 VERY 
RICH IN OXYGEN—IMPURITIES OF WATER AS IT If FOUND 
IN NATURE—RAIN WATER THR PUREST—¥FILTRATION— 
THEORY OF CLARIFICATION BY THE WHITE OF EGO. 


Hydrogen, though it does not exist in nature in an uncom- 
bined state, is one of the most extensively diffused of the ele- 
ments: entering into the composition of nearly every orgunic 
substance both vegetable and animal, and forming one-ninth 
of the weight of water. Hydrogen gas was long confounded 
with other inflammable airs, it was formerly termed inflammable 
air, from its combustibility; and phiogiston, from the suppo- 
sition that it was the matter of heat; its true nature was first 
pointed out by Mr. Cavendish, in 1766, and its present name 
is derived from , Water, and yeyysiy, to generate, 

Preparation, It is by the decomposition of water, that hy- 
drogen gas is always obtained for experimental purposes, and 
as this decomposition is readily effected by various simple 
means, 80 the preparation of hydrogen gas is a very easy ope- 
ration. 

Now water is to be viewed as an oxide of hydrogen, in the 
same manner as red precipitate is regarded as an oxide of 
mercury, and litharge as an oxide of lead, but these two me= 
tallic oxides differ very considerably in the tenacity with which 
they retain their oxygen, the former parting with that prineiple 
‘on the application of a moderate heat, as we have seen in the 
last lecture, while the latter retains it under the most intense 
heat to which it may be submitted. The oxides of gold and 
silver become decomposed by very slight causes, and other 
oxides, such as peroxide of manganese, require a very strong 
heat to effect even their portial decomposition. 


great rapidity by simply being brought 
and without the application of heat; po 


ment is a striking one, and the best that 
proving the composition of water. Take 
filled with common water; drop a small 
into it and immediately invert it over) 
almost instantly disappear, potash will be fi 
shown by inserting u slip of turmeric 
substance will be collected in the upper part 
will prove to be hydrogen gas. 
tal be dropped into water, 
‘a saflicient quantity of heat is generated by 
decomposition to inflame the hydrogen gas, 
is produced, with a beautiful purple flame. 
By employing the arrangement 
drogen gas may be obtained from water, in q 
for practical purposes, d, a small retort, co 


pace: f is the delivery tube for Te 
into the gas-holder gy. When the fire in the fur 
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Fig. 44. 





boil, and the steam passing over the red-hot ron undergoes 
decomposition, its oxygen entering into combination with the 
metal, and its hydrogen being disengaged in large quantitics. 

On examining the iron wire in the gun-barrel after the ope- 
ration, it is found to have passed into the same state as when 
hurned in oxygen gas, or at the smith’s forge, namely, inte the 
Dlack-oxide, which is u compound of the protoxide and perox- 
ide of iron, 

In this experiment we have occasion to notice the striking 
manner in which the results of ullinity are determined, by mo- 
difying circumstances, a subject which so fully engaged our 
attention in a former lecture. On passing steam over red-hot 
iron, it becomes decomposed, oxide of iron being formed, and 
hydrogen yas evolved ; but if we pass a current of hydrogen 
gas over red-hot oxide of iron, the oxide is reduced to the 
metallic state, and water is generated; now, according to 
Bergman, (who supposed that in all cases, decompositions are 
determined solely by chemical attraction,) by the first of these 
‘two experiments, it is proved that iron has a greater affinity 
for oxygen than hydrogen has ; and by the second, the alfinity 
‘of hydrogen for that principle is shown to be the strongest; 
two decompositions, precisely the reverse of each other, may 
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thus go on at the same tem 
to be a case in which affinities, 


the other hand, when oxide of tron | 
hydrogen gas, it is decomposed, 
as rapidly as it is produced, the 
vented.—Kane, 
But hydrogen gas is most conve 

agency of a dilute acid, with which vic 
ments of zine into the 
bottle a, Fig. 45, and 
pour over them oil of 
vitriol orconcentrated 
sulphuric acid, diluted 
with six or eight times 
its bulk of water; ra- 
pid and instantaneous 
decomposition of wa- 
ter takes place, with the appearance of eb 
Intion of considerable heat; the zine is speedily « 
the reaction which takes place, may be conve 

by a diagram :— 





BEFORE DECOMPOSITION. ARTER 
6134 Oil of vitriol, (Hydrogen .... Be 
or {ore tees 
Sulphate of water | Sulphuric acid be 
MOB Zinc... - 6.22 es Zin ss. +.00s 403 
1016) 1016) 
By this it will be seen that the hydrogen 


this experiment is derived from the decomposition 
combined with the sulphuric acid in the form of oil 
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H and that the change consists in the substitution of zine for 
_ hydrogen, or in the formation of sulphate of oxide of zine, 
in the place of sulphate of oxide of hydrogen. The object in 
| employing such a large quantity of water is to remove by dis- 
solving it, the crystallizable sulphate of oxide of zine as fast 
as it is formed. 
| Zine is conveniently prepared for making hydrogen gas by 
faxing some fragments in a crucible, and pouring it, while 
liquid, from a height of six or eight feet into a vessel of cold 
water; by this means it becomes granulated, and is casily bro- 
ken into small pieces. The metal may even be reduced to a 
powder by pouring it, while in fusion, into a wooden box, the 
inside of which has been rubbed with chalk to prevent the 
wood from becoming charred, and agitating it smartly, as the 
| metal yets cold it separates into minute grains, which are 
| found very convenient for many experimental purposes, 
When large quantities of hydrogen gas are to be collected, a 
half-gallon stonc-ware jar may be mounted as a gus bottle, with 
‘a flexible metallic pipe, fitted to the cork as an exit-tube, and 
before collecting the gas, carc must be taken to allow the first 
portions to escape, as it will be mixed with the air of the gas 
bottle, forming an explosive compound. From one ounce of 
zine, 615 cubic inches of hydrogen gas are procurable, 
| ‘The hydrogen yas obtained by this process is not chemically 
pure, as is proved by its offensive odour, which is ascribed by 
Berzelius to the presence of a volatile oily compound of carbon 
and hydrogen, and which may be entirely removed by trans- 
mitting the gas through alcohol. The zine of commerce 
generally contains sulphur; hence the formation of small 
quantity of hydro-sulphurie acid, which may be removed by 
passing the gas through a solution of pure potassas a minute 
quantity of metallic zinc is also contained in it, probably in a 
state of chemical combination; but the greater part of these 
| imporities are removed by generating the gas slowly, aud al- 
lowing it to bubble through = tice potash before collecting it 





A very elegant extemporary process 
preparing small quantities of pure 












Givi tha slatsan i eae 
therefore evolved from it, and a 


teries, | find I can obtain an uniform evolut 
twelve cubic inches of the mixed gases per 
hours; now two-thirds by volume of th 
drogen gas, which may be collected separate | 
posing apparatus, consisting of a glass cop 
and having a slip of membrane secured in th 
divide the cup into two cells; bent glass tu 
tight by grinding over each cell, which 
platina plate, communicating with a bind 
cup on the outsides the cup is then filled | 
acid, und connection made with the battery. 
element, (the plate connected with the: 

is given off; and from the negative clement, (ti 
with the zine rod) hydrogen gas is evo 
therefore rendily be collected over the) 
‘This useful and clegant little apparatus 
Messrs. Knight and Sons, of Foster Lane, the 
pounds ten shillings. We ure thus funni: 
method of procuring both oxygen and hy 
siderable quantities. The hydrogen may be 


* Zinc may be Amalgamated by washing is with date 
“ftover with qulcksllser, which will then readily ndtere to it. 
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dried, as perfectly pure; the oxygen probably contains some 
hitherto uninsulated substance from which it derives that pe- 
culiar odour, from which, as was mentioned in the last Lecture, 
it is never free, when prepared by Electricity. 

Tt may bere be remarked that the student will find, that 
pure or amalgamated zine is much-more sluggishly acted on by 
dilute acid, than the common or granulated metal, this arises 
from the fact, that owing to the impurity of the latter, a series 
‘of Electric currents are put in circulation from one part of the 
metal to another, through the liquid; these currents by afford- 
ing « ready escape for the hydrogen gus, favour the chemical 
aetion to a very cousiderable extent.* 

Properties. Hydrogen gas is the lightest of the Elements, 
being only one-fifteenth of the specific gravity of atmospheric 
‘air, or as 688 to 1000, It is not poisonous, except inasmuch 
‘as it contains no oxygen; it may be inspired for a short time 
without inconvenience, and is found to have an amusing effect 
ou the voice, which it makes for a time remarkably shrill. 

‘To familiarize himself with the characters of hydrogen gas, 
Tet the student make the following experiments. 

Experiment 1. Generate a quantity of the gas from zinc © 
and dilute sulphuric acid, and collect it in several jars over the 
hydro-pacumatic trough ; suddenly turn one of the jars which 
has a wide mouth, with its orifice upwards, and apply a lighted 
taper; the whole mass of gas will rush out and give a sheet 
‘of pale white or yellowish tame. 

Ezperiment 2. Hold 2 jar of the gas with its open orifice 
downwards: have ready a small piece of green wax taper, 
fastened to the end of a piece of bent copper wire; light it, 
and introduce it quickly into the jar of gas; the hydrogen will 
inflame the surface where it is in contact with the atmosphere, 
but on plunging the taper upwards into the pure gas, it will be 
extinguished : lower it again to the surface, and it will become 





* Seo my Lectures on Electricity, dec.y—Lectures Third and Fourth ; on Galvanisun. 
13 
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re-ignited; raise it again, and it will be again extinguished, 
and this may be repeated till the gas is exhausted. 

From these experiments it is learnt that hydrogen gas, 
though inflammable, will not burn unless oxygen is present. 

Experiment 3. Turn another jar of gas with its mouth up- 
wards; let it stand a few minutes; then introduce a lighted 
taper; no inflammation will take place, but the taper will bum 
as in common air; the hydrogen has escaped, proving its le- 
vity. 

Experiment 4. Remove the delivering tube from the gas 
bottle, Fig. 45, and substitute in its place another tube bent 
upwards at 4; generate gas in the bottle as usual, and when 
the common air has entirely escaped, ignite the gas as it issues 
from the bent tube; the light will be very feeble: sift some 
powdered magnesia through the flame, it will become much 
brighter: introduce a coil of fine platina wire into the flame, 
it will become white hot, emitting intense heat and light. We 
shall advert to this experiment hereafter. 

Experiment 5. Fill a bladder with hydrogen gas; attach a 
tobacco-pipe to the aperture; foree the gas through some soap 
lather; the sap bubbles being filled with hydrogen gas, will 
rise rapidly in the air. 

Experiment 6. Fill a similar bladder with a mixture of two 
parts of hydrogen and one of oxygen; insert a good sound 
cork into the aperture, through which two wires pass into the 
bladders attached outside to two others of considerable length: 
then connect one of these with the outer coating of a charged 
Leyden phial, and all things being prepared, complete the cir- 
cuit by touching the other wire with the brass knob of the jar; 
the electric spark enters at i, Fig. 46, and igniting the mixture, 
xplode with great violence, producing a 
large body of flame; or fill the bladder with the mixed gases 
and force a stream through soap lather; the bubbles will not 
rise, but explode with great violence on a light being pres 
sented, 






causes the bladder to 








EXE ERIMENTS. 169 


Fiy. 46, 





‘The explosion in these last experiments is occasioned by the 
sudden condensation of air in consequence of the formation of 
water by the union of the oxygen and hydrogen gases; the 
water condensed occupying a thousand times less space than 
the vapour which is first formed. ‘Thunder is occasioned by 4 
similar sudden compression and immediate subsequent dilata~ 
tion of air; and these detonations may be made to succeed 
one another so rapidly as to form a continuous musical note: 
with hydrogen this may be done in an amusing manner, as in— 

Experiment 7. Kindle a stream of hydrogen as it escapes 
from an upright glass jet, having a small aperture; it will 
burn silently; now hold over it an open glass tube of about 
two fect in length, like a chimney; the appearance of the 
flame will become altered, it will be elongated and flickering, 
@ succession of little detonations is produced from the gas 
being carried up and mixing with the air of the tube, which 
follow each other so quickly as to produce a continuous sound 
‘or musical note. 

Experiment 8. Procure a small balloon made of gold-beaters 
skin, or of the serous membrane of the turkey’s craw; (they 
may be had of Mr. Ward, of Bishopsgate street, 12 inches 
in diameter, price Ss. Gd.; 24 inches, 8». Gd. each,) fill it with 
dry bydrogen gas, in the manner shown in Jig, 47, where & 
represents a tube of chloride of calcium,* a substance having « 
powerful affinity for water, through which the gas is made to 
pass before it enters the balloon; itis thus completely dried, 
and the balloon, when full, will rise rapidly in the air; now 


* Mado by disolving carbormtc of lime in muriatic acid, evaporating to dryness, 
‘andl then hesting to low rednees. 
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pure hydrogen gas has been calculated to be about 14} times 
lighter than atmospheric air. If the balloon be six inches in 
diameter, and made of gold-beaters skin, it will weigh about 
35 or 36 grains, and the hydrogen which enters it about 5 
grains, these both 
amount to 40 or 
4 grains, but an 
equal space of 
atmospheric air 
weighs at least 
50 grains; 9 or 
10 grains heavier 
than the gas and 
balloon taken to- 
gether. In ierostation the balloon is prepared of varnished 
silk; a balloon of twenty feet in diameter contains about 4000 
cubic fect of gas, and besides the silk it carries about 260 1bs.: 
one of thirty feet in diameter contains about 14,000 cubic feet 
of gas, and can carry 928 pounds. At present however hy- 
drogen gas is but seldom emptoyed for filling balloons, it being 
found cheaper to make them very large and to use coal gas, 





which, although much heavier than hydrogen, is still consider- 
ably lighter than atmospheric air under the same volume. 
Experiment 9. Allow a jet of hydrogen to burn under a 
white porcelain saucer; remove it before it gets hot, and it 
will be found covered with minute drops of water. To prove 
more satisfactorily that water is the sole result of the com- 
bustion of pure hydrogen, make the following experiment. 
Experiment 10. Procure a cylinder of japanned tin plate, 
AA, Fig. 48, open at the top and closed at the bottom, except 
where the small copper cylinder B, open at both ends enters it 
and is soldered to it. Let another copper cylinder, ¢, close at 
the top, be fixed inside the cylinder, aa, and soldered all round 
B, with two slanting pipes, a a, proceeding from the top, and 
opening into the air in the manner of flucs. Fill the vessel 
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AA, with cold water; now allow a stream of hydrogen gas, 
~ dssuing from the yas-holder, through the pipe p, to barn inside 
the interior copper Fig. 48. 

__ cylinders by its com- ° 

bustion vapour of 
water will be produ- 
‘ced, which being 
condensed against 
the sides of the ves 
__ sel, kept cool by the 
water, will trickle 
down the cylinder 
und make its exit 
through the pipe o, @ 
from which it may be collected in any convenient vessel, ‘The 
oxygen in the cylinder c, would soon be exhausted, and the 
hydrogen would cease to burn, but for the two slanting flues, 
AA, through which the rarefied azote ascends, while cold air 
from the bottom passes in to supply the flame. The water in 
the outer vessel must be renewed from time to time, as it gets 
warm, and in this manner, water in any quantity may be ge- 
nerited by the combustion of hydrogen, forming a very in- 
structive yet simple experiment, admirably calculated for il- 
lustration in the lecture-room. 

Let us now examine more particularly the circumstances 
affecting the combination of hydrogen with oxygen. These 
two gases may be mixed together in a glass vessel, and kept 
for any length of time without combining; though having a 
powerful aifinity for each other, they cannot by simple mixture 
be brought into sufficiently close contact to enable them to 
‘exercise that attraction, but combination is instantly determined 
by flame, by the electric spark, or even by a red-hot glass rod; 
hydrogen being one of the most easily inflammuble gases. 
‘The most clegant method of performing the experiment is to 
‘introduce the mixture into a strong graduated glass tube, and 
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through the wires é and ¢, 
into the upper pact of the tube: t 
holder, a, prevents the tube frat 
being displaced by the explosion. — 
If the gases are quite pure, and in 
the exact proportions; viz. >—two- 
volumes of hydrogen and one of 
oxygen, no residue is found after 
the explosion ; but if either be ia 
excess, that ¢xeess remains behind: 
one-third of the volome which dis« 
appears being oxygen, and the other two 
bearing this in mind, we shall find presently 
by furnished with an excellent method of 


















self these eudiometers; the wires, 6c, mus 
metal, which, as has been observed in a for 
tirably adapted to the purpose, from its o 
its infusibility, and its close agreement with 
of its expansion and contraction, by changes of 
In describing the method of sealing the wires | 
the tube, I cannot do better than quote the | i 
by Dr. Faraday, in his “Chemical Manipulation? — 
“Tf a wire is to be inserted through and 
side of a tube, that part of the tube through 
to pass, is to be softened in the lamp, and 
against it until it appears in the interior of the t 
then be drawn out again in the same direetion, and be 
and wire left to cool. ‘The wire will be fo : 
glass, which may casily be broken off. The 
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out of the place, forming a conical projection, the ead of which, 
when broken off, will afford a passage to the interior. The 
wire is then to be put into the aperture, heated, and the 
glass fased round it; ultimately the wire is to be pushed in- 
wards, until that portion of glass which projected has been 
returned nearly to its first position, By a little practice this 
may be done, 30 that the glass shall be in perfect contact with 
the wire on all sides, and with little disturbance as to its form 
and position, from that which it possessed at first, the wire at 
the same time having the exact position required. When two 
wires are required in the same tube, at « certain distance from 
each other, as in an eudiometer, the distance is easily regulated 
by a little previous consideration: allowance being made for 
the extent to which the wires will require to be moved, before 
the operation is finished, and they are finally fixed in their 
places.” 

‘The wires being thus securely fixed in the tube, the next 
step is to graduate it, which may be done by weighing into it 
successive portions of water, or mercury; a cubic inch of water 
weighs at 60°, 252-5 grains, and a cubic inch of mercury, 
$425°35 grains. Water is very convenient for the estimation 
down to a cubic inch, and some divisions below it; but for the 
tenths and hundredths, mercury is far more exact and expe- 
ditions; for tenths of a cubic inch, the operator must carefully 
weigh into the tube 342:53 grains of mercury, and make a 
mark with a file or diamond, at the exact height at which the 
fluid metal stands; for hundredths of a cubic inch, 34-25 
grains are required; and it is desirable to employ mercury 
that is not quite pure, such for instance, as contains in every 
four or five thousand grains, one grain of lead, whereby a film 
is formed on its surface, which thus becomes flat instead of 
round, « shape the pure metal, in consequence of its cohesive 
attraction, always presents, and which, in the graduation of 
small tubes, would lead to considerable errors. 

But oxygen and bydrogen are capable of entering into com- 
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oceasioned hy the retention of a thin layer of gas on the me~ 
tallic surface, with a force sufficiently powerful to bring, by 
condensation, the molecules of the oxygen and hydrogen gases 
within the sphere of their mutual attraction: the spongy me~ 
tal always contains a quantity of air in this condensed state, 
aud consequently its oxygen is in the most favourable condi- 
tion for combining with hydrogen. On introducing « ball of 
_ spongy platina, into a vessel of oxygen and hydrogen guses, 
mixed in suitable proportions to form water, an instantaneous 
explosion ensues; but if the metal in this spongy state be 
mode into pellets with a little pipe-clay, and dried, its action 
will be weakened, and it will then cause a silent and gradual 
| combination, not only of hydrogen, but of ald combustible gases 
with oxygen, and in whatever proportions they may be mixed. 
‘The best proportions for forming these pellets are, one part 
of platinum sponge, and four parts of clay; the guscous mix- 
ture on which it is to act, must be confined over mercury, and 
the balls heated before using; they ure not the least injured 
by the process. 

A yery interesting method of exhibiting this property of 
platinum is, to take a wine glass and pour into it a few drops of 
strong alcohol or ether, and wet the sides with the sanie; then 
suspend in the middle of the glass, acoil of fine platinum wire, 
previously heated to redness; the wire will continue to glow 
until the alcohol or ether has been exhausted. The products 

| of this slow combustion are very different from what they 
would have been if the alcohol or ether had becn inflamed ; 
the influence of the metal has caused the inflammable vapours to 
combine with oxygen in such proportions as to form acetic and 
formic acids, and by this combination hent is evolved sufficient 
‘to keep the platinum ignited : or the platinum wire may be fixed 
ever the wick of a spirit-lamp, as in Mig. 50, being allowed 
to project about a fourth of an inch above it. The lamp is 
then lighted and suffered to burn for a few seconds, when the 
flame is put out by an extinguisher, which is instantaneously 
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‘This arrangement is called the oxy-hydrogen 
safest though not the most powerful form of 
which the jet for the oxygen is fixed within that 
gen, a construction first proposed by Mr. } 
adupted to the use of coal-gus instead 
Daniell. ‘This jet consists of u cylindrical 
in diameter, and 7} inches long, and an inter 
long, and 4 of an inch in diameters the 
inches long. ‘The instrument is usually furni: 
rangement for holding a cylinder of lime f 
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oxygen is then conveyed through the hydrogen | 
manfoating witha gat-hokler of axygens if this p 
Me. Ward sell these oxyhydrogen jot for Wi exch ; oF fur 
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‘THE OXYHYDROGEN BLOWPITE. W7 


denily, 20.8 to throw too large a quantity of oxygen into the 
fiame, it will be immediately extinguished; but if the quantity 
be so adjusted as to allow one volume of oxygen to pass for 
every two volumes of hydrogen; then a great altcration will be 
observed to take place in the appearance of the lame; insteul 
of # thick cone, like that of a common candle, it will assume 
the uppearance of a long pencil, very feebly luminous; in 
shape, resembling the flame produced by injecting a stream of 
air through the flame of a candle by a well formed blowpipe. 
~ It requires a little practice to regulate the gases with nicety, so 
as to produce the maximum effect, and the only directions that 
can be given are to keep the thumb on the stop-cock of the 
oxygen gas-holder and turn it gently, keeping the eye steadily 
fixed om the fame, so that the alterations in its appearance 
may be instantly noticed; when it assumes the character above 
described, the gases will be passing in proper proportions; the 
gas-holder containing the hydrogen should be double the size 
of that containing the oxygen, and the upper reservoirs kept 
full of water. 

In the flame of the oxyhydrogen hlowpipe, the most refrac 
tory substances, such as pipe-clay, silica, and platinum are not 
‘only fused but actually volatilized; the combustion of some of 
the metals, such as iron and copper, is exceedingly brilliant. 
Lime and magnesia however resist its highest power, but pro- 
duce, when introduced into the flame, a light so intensely In- 
minous 4s to rival the noon-day sun ; this is particularly the 
case with lime, and as by moving the mass of earth slowly be- 
fore the flame, the brilliant white light may be sustained for 
jours; it has been very usefully substituted for the solar ray in 
the microscope, constituting the instrument now daily exhi- 
biting in London, with such amusing and instructive effiect— 
the oxyhydrogen microscope. 

‘The lime-light has been also proposed for use in light-houses, 

for which it would appear to be admirably adapted, as in an 
"experiment made by Mr. Drummond, the light when placed in 
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the focus of a parabolic reflector, was visible in the direction 
in which it was thrown, at a distance of nearly seventy 
niles. 

‘The heating effects of the oxyhydrogen blowpipe are much 
increased wheu the gases are forced into one vessel and caved 
to escape from the jet under pressure; this is the form of Dr. 
Clarke's apparatus, which consists of a metallic box, made 
excecdingly strong, into which the gases, previously mixed in 
the proper proportions are forced, by means of a condensing 
syringe, and when a sufficient quantity has been introduced 
the syringe is removed, and a stop-cock, connected with ajet 
opened, ‘The pressure of the condensed gas forces out a 
stream which is ignited, and if the flame be not allowed to 
burn too long, the rupidity of the current is sufficient to pre- 
vent the retrogression of the flame. This is an exceedingly 
dangerous apparatus, and exposes the operator to the greatest 
risk, for if the flame should by chance pass back through the 
exit tube, the whole mixture would explode, inevitably blowing 
instrument to pieces. By using the very ingenious safety 
jet of Mr. Hemming, and employing a large bladder to bold 
the mixture, this form of the blowpipe may be adopted with- 
out the least fear of danger; and for experiments on the small" 
exceedingly convenient, combining power, security, 















ng’s safety jet consists of a brass cylinder, about 
six inches long and three-fourths of an inch wide, filled with 
fine brays wire of the same length, which is tightly wedged by 
forcing a brass rod into the centre. The interstices between 
the wires form thus a collection of exceedingly minute tubes, 
through which the gas must pass, To one end of this cylinder 
is connected a bludder, containing the mixed gases, the other 
terminates in a jet from which the gases issue; now should 
the flame pass back through this tube, it would have to ea 
counter a large mass of metal, which conducts heat so rapidly 
as to reduce the temperature of the gases much below that at 
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1 
— which their union can 
~ occur,® and further 
combustion is conse- 
quently — prevented, 
Fig. 51, is a view of 
the compression oxy- 
hydrogen _blowpipe, 
‘the safety tube of 
which contains a pile 
of circular discs of 
wire ganze, contained 
in the brass box, #. 
‘The wire gauze here 
acts in precisely a si- 
‘milar manner to the 
wires in Hemming’s 






















Water — 

By repeating the following experiment of Berzelins, the most 
positive determination of the composition of water may be ob- 
tained. Introduce into the small glass bulb, e, Fig. 52, aknown 
weight of black oxide of copper; connect it by caoutchouc 
connectors, with the bulb y, on one side, and the tube con- 
taining chloride of calcium, d, on the other; the bulb g, is 





then to be connected with another tabe of chloride of calcium, 
A, and the tube d, with the bottle @, in which hydrogen gas is 
© This will by fully explained in our 10th Lecture, 

™M 
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slowly generated ; the two bulbs, ce, serve tu collect any va- 
pour which may be mixed with the gas, and by afterwards 
passing over the chloride of calcium in d, the hydrogen is com- 
pletely dricd before it comes into contact with the oxide of 
copper ine. Things being thus arranged, and the apparatus 
being filled with hydrogen gas, apply a spirit-lamp to ¢, and 
heat it to dull redness; decomposition takes place, the oxide 
becomes glowing red, and even though the heat of the lamp 
be much reduced, the re-action still goes on, and when com- 
plete, a mass of porous pure copper remains. Let the stream 
of hydrogen pass through the apparatus till it is quite cold; 
then remove e, and having carefully wiped it, weigh it, and 
note the loss; then weigh the bulb g, and the tube of chloride 
of calcium, A, and note the increase of weight. If the experi- 
meut has been carefully conducted, we shall find it will tum 
out thus :— 

Supposing 100 parts of oxide of copper to have been em- 
ployed, we shall find 79°85 parts of copper to have been pro- 
duced; the loss being 20°15, and the gain of g and A will be 
22-67, of which, 20°15 is what was lost by the oxide of cop- 
per, and is oxygen; and 2°52 hydrogen, the whole forming 
2267 of water; und the experiment proves that 22-67 of water 
consists of 20°15 of oxygen, and 2°52 of hydrogen; or in 100 
parts :— 





There appears to be some uncertainty with respect to the 
real discoverer of the true theory of the composition of water; 
though it is gencrally acknowledged that Mr. Watt was the 
first person who reduced the theory to writing. The following 
is an extract from a letter to Dr. Priestley, of the 26th of April, 
1783. (Phil: Trans: p. 333.) ‘Let us now consider what 
obviously happens in the case of the deflagration of the inflam- 
mable and dephlogisticated air. These two kinds of air unite 
with violence, they become red hot, and upon cooling totally 
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disappear. When the vessel is cooled, a quantity of water is 

found in it, equal to the weight of air employed. ‘This water 
| is then the only remaining product of the process, and water, 

light, and Aeat sre all the products: are we not then authorized 
to conclude, that water is composed of dephlogisticated air 
and phlogiston, deprived of their latent or elementary heat: 
that dephlogisticated or pure air is composed of water deprived 
af its philogiston, and united to elementary heat and light: 
that the latter are contained in it in a latent state, so as not to 
_ be sensible to the thermometer or to the eye: and if light be 
only a modification of heat, or a circumstance attending it, or 
& component part of the inflammable air, then pure or dephlo- 
gisticated uir is composed of water deprived of its phlogiston 
and united to elementary heat ?” 

The celebrated paper of Mr. Cavendish, was read before 
the Royal Socicty, on the 15th of January, 1784; in this is 
related the capital experiment of burning oxygen and hydro- 
gen gases ina close vessel, and finding pure water to be the 
produce of the combustion, and the conclusion is drawn, that 
‘the two gases were converted or turned into water. This was 
nine months after the letter of Mr. Watt, just quoted, was 
written; but there was afterwards inserted in the paper by Sir 
Charles Blagden, with Mr. Cavendish’s consent, a statement, 
‘that the experiment had first been made by Mr, Cavendish, in 
the summer of 1781, and mentioned to Dr. Priestley, though 
it is not said when, neither is it said that any conclusion was 
mentioned to Dr. Priestley, nor at what time Mr. Cavendish 

first drew that conclusion, 

Tt appears to have been a reluctance to give up the doctrine 
‘of phiogiston: a kind of timidity on the score of that long- 
established and deeply-rooted opinion, that prevented both 
‘Mr. Watt and Mr. Cavendish from doing full justice to their 
‘own theory: while Lavoisier, who had entirely shaken off these 
tramnmels, first presented the Lee doctrine in its entire per- 
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with a sooty substance.” It thus appears that Dr. Priestley 
‘wes the first person who obserred the formation of moisture 
by firing © mixture of common and inflammable air, though 
‘0 far from his having contributed anything towards the for- 
‘mation of the trac theory of the composition of water, he was 
one of its most strenuous opponents, and one of the last sei- 
‘entific papers he ever wrote, was 9 pamphlet in support of the 
doctrine of phlogiston, and a refutation of the theory of the 
composition of water. 

Ip remarking on Mr. Warltire’s experiments, he says, “I do 
‘not think however that so very bold an opinion, as that of the 
latent heat of bodies contributing to their weight, should be 
received without more experiments, and made upon a still 
Targer scale. If it be confirmed, it will no doubt be thought 
to be a fact of a very remarkable nature, and will do the 
greatest honour to the sagacity of Mr. Warltire. 1 must add, 
that the moment he saw the moisture on the inside of the 
‘dose glass vessel, in which I fired the inflammable air, he said 
that i confirmed an opinion he had long entertained; namely, 
that common cir deposits its moisture when it is phlogisticated.” 

‘It seems evident that neither Mr. Warltire nor Dr. Priestley 
‘attributed the dew to anything else than a mechanical deposit 
of the moisture suspended in common air.* 

“The grand experiment of the composition of water, was 
made by Fourcroy, Vauquelin, and Seguin. It was commenced 
| on Wednesday, May 15th, 1790, and was finished on the 22nd 
of ‘Month. The combustion was kept up 185 hours, 
‘litle interruption, during which time the machine 
was not quitted fora moment. ‘The expcrimenters alternately 
refreshed themselves when fatigued, by lying for a few houre 
in the laboratory, 
the hydrogen. 1. Zine was melted and rubbed 
avery hot mortar. 2. This metal was dis- 
trated sulphuric acid, diluted with seven parts 
Watt's notes in the Appendir to the work abave referred to. 
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of water. The air procured was made to pass through caustic 
alkali. ‘To obtain the oxygen. Two pounds and a half of 
crystallized hyper-oxymuriate of potash were distilled, and the 
air was transferred through caustic alkali. 

The volume of the hydrogen employed was 25963-568 cubie 
inches, and the weight was 1039-358 grains. The volume of 
oxygen was 12570-0242, and the weight 6200-309 grains. 

‘The total weight of both clastic fluids was 7249-227 grains. 

‘The weight of water obtained was 7244 grains, or 12 ounces 
A gros, 45 grains. 

The weight of water should have been 12 ounces, 4 gros, 
49-227 grains; the deficit being 4227 grains. ‘The quantity 
of azotic air before the experiment, was 415°256 cubic inches, 
and at the close of it, 467. The excess after the experiment 
was consequently 51-744 cubic inches. This augmentation is 
to be attributed, the academicians think, to the small quantity 
of atmospheric air in the cylinders of the gusometers, at the 
time the other airs were introduced. These additional 51 
cubic inches could not arise from the hydrogen, for 
showed that it contained no azotic air, Some addition of this 
Jost uid, the experimenters think cannot be avoided, on ac- 
count of the construction of the machine. 

The water being examined, was found to be as pure as 
distilled water. Its specific gravity to distilled water, was as 
18671 to 18670.—Ure's Dictionary of Chemistry. 

Properties of water. The general properties of water are 
too well known to require any minute description. It is co~ 
lourless, transparent, and destitute of smell or taste. When 
agitated, it solidifies at 32°, but if kept perfectly still it may be 
cooled much lower without freezing. When the barometer 
stands at 30 inches, water boils at 212°, but it nudergoes evapo- 
ation at all inferior temperatures. It is the solidification 
of water which effects the disintegration of the hardest rocks, 
and makes from them soils fitted for the support of vegetable 
life. In the summer, the liquid water pereolates into minute 
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ereviees and fissures of the rock; in successive winters, the 
expansive force of the solidifying fluid, breaks and crambles 
down the substances of masses apparcatly indestructible. ‘This 
action of water in its solid and liquid state, is probably the 
most influential cause of the vast roin observed in all countries 
where high mountain chains are intersected by deep narrow 
gorges, bounded by bare, precipitous, and irregularly fissured 
escarpments. 

Building materials differ materially in their destructibility by 
frost; the compact tenacious sand-stone of Edinburgh is but 
little injured, while the less tenacious and porous oolitic build- 
ings of Oxford have suffered greatly. 

‘The influence of water in effecting the decomposition of 
rocks is much aided by the affinity of carbonic acid for the 
alkalies contained in them, By the combined action of these 
‘agents, a total alteration is effected, not only in their mechani- 
tal but in their chemical constitution. The tenacity of the 
tock is entirely destroyed, so that the slightest force, a shower, 
or a breeze is sufficient to overcome the cohesion of its parti- 
cles. The alkali of the felspar is entirely washed away, and 
an earthy mixture, combined with water remains. Hence the 
source of the alkalies present in springs and in the soil, and 
hence probably also the alkaline matter of the nitrates of pot- 
ish and soda, generated so abundantly in parts of India and 
America. 

Tt is an established fact, that siliceous minerals are fre- 
quently formed from aqueous solutions. Silex, though when 
ina state of powder it resists the action of boiling water, is 
freely dissolved in the nascent state, and in still Inrger quanti- 
tics by alkalies. Now in the decomposition of felspathic rocks, 
the silex is exposed to the united action of water and alkali, at 
the moment of passing from the state of combination which 
constitutes felspar, and the quantity carried off in solution Is 
enormous. 

‘The silica thus dissolved in water is in u state of unstable 
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equilibrium, and is consequently very prone to decomposition. 
A solution of silica oozing slowly into the cavities of a porous 
or cellular rock might yield a deposit as a consequence of eva- 
poration;—of a slight affinity between the silica and some sub= 
stance with which it may accidentally come into contact; or in 
consequence of the solvent power of an alkali which had con- 
tributed to its solution being lessened by passing from the 
state of a simple carbonate, into that of a bicarbonate, Ke. 

The siliceous matter being once solid could not be redis- 
solved, and in this manner might cavities of considerable size 
be filled up with caleedony, flint, or rock crystal. In the ease 
of flint, it is necessary to account for that remarkable tendency 
which silica possesses of occupying the place of organic mat- 
ter, as exemplified by silicified wood or coral. 

Siliceous solutions, infiltrating through organic masses in 
Process of decay, might, observed the late Dr. Turner, readily 
become decomposed, in which case a deposit of sitex would 
result; consistently with this view itis well known that flints 
contain traces of bitunen or some similar substances of organic 
origin; hence the dark colour of flints. 

When mixed with air, the vapour of water has a tendency 
to condense in vesicles, which inclose air; forming in this con- 
dition the masses of clouds which remain suspended in the 
atmosphere from the lightness of the vesicles, the substance of 
mists and fogs, and “ vapour’’ generally in its popular mean- 
ing. ‘The vesicles may be observed by a Jens of an inch focal 
length, over the dark surface of hot tea or coffee, mixed with 
an occasional solid drop which contrasts with them.—Graham, 
According to the experiments of Saussure, made upon the 
mists of high mountains, these vesicles generally vary in size 
from the 1-4500th, to the 1-2780th of an inch; but are ocea- 
sionally observed as large a3 pea. They are generally con~ 
densed by their collision into solid drops and fall as rain; bat 
their precipitation in that form is much retarded in some con- 
ditions of the atmosphere. 
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‘Owing to the nature of its clements, and its own extensive 
range of affinity, water may be considered the most powerful 
agent we possess; there ure indeed few complex changes where 
oxygen and hydrogen are present, which do not give rise either 
to the production or decomposition of water. In its chemical 
relations it is eminently a neutral body, and to all its definite 
compounds, the term Aydrate is applied by Chemists:—thus, 
concentrated sulphuric acid is composed of one equivalent of 
veal acid and one equivalent of water; it is therefore called 
hydrate of sulphuric avid, or hydrous sulphuric ace. Water en- 
ters Into the generality of saline bodies, whilst undergoing 
crystallization, sometimes to the amount of more than half 
their weight; in sulphate of magnesia or epsom salt for in- 
‘stance, every 124 grains of which contains 63 grains of water; 
on the application of n moderate heat, this water separates, 
and frequently the salt dissolves in its own water of crystalli- 
gation on being heated, undergoing what is called watery fu- 
sion. 

Many of the acids cannot exist without water; among these 
are the nitric, the chloric, the oxalic, and the acetic acids, 
neither of which have ever been obtained in a separate form, 
tnd are therefore in reality to be regarded as sults,—saits qf 
water possessing a complete similarity to the salts of zinc and 
copper: from which fact an idea has by some Chemists been 
‘entertained, that hydrogen is a volatile metal. 

Water combines also with bases; most of the metallic ox- 
ides unite with it; many with the evolution of heat, as lime, 
barytes, and strontin; the heat produced in the slaking of 
Which is sufficient to ignite gunpowder, and when in large 
quantities to become red hot. 

Water is capable of dissolving a certain quantity of air and 
other gases, which may again be expelled from it by boiling, 
Rain water generully yields 2} per cent of its bulk of air, in 
which the proportion of oxygen is so high as $2 per cent. and 
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according to Gay Lussac and Humbolt, in freshly melted snow, 
as high as 54-8 per cent. 

Jn nature, water is never found perfectly pure ; its most im- 
portant impurities being air and carbonie acid, with certain 
quantities of common salt, sulphates and carbonates of lime, 
and chloride of magnesium. Rain water or snow, collected at 
adistance from houses, is the purest water that can be ob- 
tained in nature, but it should be collected before it reaches 
the ground, or it will soon become impregnated with various 
earthy and organic matters, from the soil, from which it ean 
only be purified by distillation. \ 

For economical purposes, water is rendered clear and tran- 
‘sparent by passing it through filters of course sand under pres- 
sure; but this process cannot evidently affect the matter which 
is actully dissolved in the water; peaty matter for instance, 
with which river water is always more or less impregnated 5 
the proper substance for discolouring liquids is animal charcoal, 
which withdraws organic colouring matter, even when in a 
state of solution. 

It is common to employ white of egg and other albuminous 
fluids to clarify liquors; speaking of the process of filtering, 
we may here observe that the success of the operation depends 
‘on the partial coagulation of the albumen by heat, which thus 
forms a sort of delicate net-work throughout the liquid, which 
collects all the foreign matter, and raises it to the surface in 
the form of scum, 
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Waren is looked upon by Chemists, as a binary compound of 
oxygen and hydrogen, or as containing an equivalent of each 
ofits constituents. In the formation of steam, two volumes 
of hydrogen and one volume of oxygen are condensed into 
two volumes, so that the specific gravity of oxygen and hydro- 
gen being known, that of steam may readily he determined :— 
thus, the specific gravity of air being 1000, that of hydrogen 
has been ascertained to be 68:8, and that of oxygen, 1102-6. 

Two volumes of hydrogen, 68°3x2 = 137°6 

and one volume of oxygen......-- = 11026 


give two volumes of vapour of water = 1240-2 





hence one volume of steam........ = 6201 
which is the specific gravity of vapour of water, at the standard 
temperature and pressure. 

Oxygen and hydrogen form a second liquid compound, pos- 
sessed of very singular properties. It was discovered in 1818, 
by Thenard, who called it oxygenated water, from its con- 
taining double the quantity of oxygen, which euters into the 
composition of that fluid. Its equivalent is 212-6, and its for- 
mula, HO,. 

Peroxide of hydrogen, or oxygenated water, is best prepa~ 
red by the process recommended by Pelouze, whieh consists 
in saturating fluo-silicic acid, with peroxide of barium; the 
reaction is very simple, fluo-silicate of barium is formed and 
precipitated in the form of an insoluble white powder, and the 
oxygen is transferred to the hydrogen, which the acid aban- 
dons, thus forming peroxide of hydrogen, which remains dis- 
solved. After decomposing several portions of the pcrox- 
ide successively in the same liquor, the insoluble matter is 
separated, and the peroxide of hydrogen concentrated by slow 
evaporation under the air-pump. 

Tt is a thick colourless liquid, nauseous, irritating, and 
bleaching: specific gravity, 1-452. Its reactions are exceedingly 
violent, becoming resolved into water and oxygen by merely 
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being brought into contact with a great number of solid sub- 
‘stances, and what is exceedingly curious, no change whatever 
takes place in the bodies occasioning this decomposition. 
When black oxide of manganese, in powder, is introduced into 
strong peroxide of hydrogen, in a graduated tube over mer- 
eury, the latter is decomposed with great violence, disen- 
gaging 475 times its volume of oxygen, the oxide of mangan- 
ese remaining unaltered; still more rémarkable is the fact, that 
the oxides of gold and silver, when brought into contuct with 
peroxide of hydrogen, not only occasion the decomposition of 
that substance, but become themselves reduced to the metallic 
state, and that too in a very dilute solution of the peroxide, 
where the effervescence is not energetic, and the heat evolved 
mach too feeble to allow of the supposition that the effect is 
eceasioned by the elevation of temperature. The metallic 
oxides which thus give up their oxygen, with that of the per- 
oxide of hydrogen, are those which are formed by indirect 
means, and which retain their elements with but feeble affi- 
nity; other metallic oxides, such as those of lead, bismuth, 
and arsenic, combine with a portion of the oxygen evolved, 
entering into higher states of oxygenation, and the animal 
substances, fibrine and albumen, which are in most respects 
40 similar, exhibit a very marked difference in their action, 
the former decomposing the peroxide of hydrogen with ra- 
piddity, while the latter is without any action on it. 

It was the remarkable characters of this substance that first 
induced Berzelius to propose for the consideration of Chemists, 
the existence of a new form of the force of chemical affinity, 
which he called the catalytic foree, and the effect of its action 
catalysis, (from xara, downwards, and rye, to unloosen,) a 
body in which he supposed this power to reside, resolving 
others into new compounds merely by contact with them, or 
by an action of presence as he terms it, without gaining or 
losing anything itself. 

Nitrogen. Four-tifths of sea which we breathe consists 

x 
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of a gas, which alone will neither support combustion or ani- 
mal life, and was hence called by Lavoisier, who first demon- 
strated its presence in the atmosphere, azote, (from a, privitive, 
and San, life); it was named nitrogen by Chaptal, on account 
of its entering into the formation of nitric acid, a term cer- 
tainly more appropriate than azofe, as the incapability of sup- 
porting animal life is common to most of the other gases. 

Nitrogen appears to have been first noticed by Dr. Ruther- 
ford, in 1772, while examining the air left after the respiration 
of an animal. Itis diffused in considerable abundance through 
nature, entering into the composition of most animal and sc- 
veral yegetable substances, Although it has never yet been 
decomposed, and consequently ranks among the elementary 
substances, a suspicion has always existed that it may be a 
compound body, and the opinion has been warmly advocated 
by Berzelius and Sir H. Davy, from considerations derived 
from the formation and properties of the aamoniacal amalgam, 
4 curious compound we shall describe hereafter. 

Preparation. Any substance which can remove the oxygen 
from atmospheric air may be employed to prepare nitrogen : 
there is uo body which does this so effectually as phosphorus, 
On the cork ¢, Fig. 53, 2 small dish of porcelain is placed, and 
in ita piece of phosphorus; this is ig- Fig. 33. 
nited, and the bell-glass a, placed over Gr 
it; the phosphorus in burning unites 
with the oxygen of the air, and forms 
white fumes of phosphoric acid; con- 
siderable expansion consequent on the 
elevation of temperature at first takes 
place, but after about half an hour, the 
white fumes become condensed, the water hus attained its 
maximum elevation in the jur, and about four-fifths of the 
original volume of air remain colourless as before the com- 
bustion. Or a flask may be inverted over a small’ jet of hy- 
drogen burning, as it issues from the upright exit-tube of a 
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gas-bottle, und when the flame is extinguished, the flask may 
be removed, and the mouth closed with the thumb, and its 
contents thus transferred to a jar on the hydro-pneumatic 
trough. Spirits of wine may likewise be employed, though 
‘by this combustible the oxygen is never completely removed, 
and carbonic acid is generated, which renders u subsequent 
washing with caustic potash or lime water necessary. 

‘The best practical method of procuring nitrogen is by the 
combustion of phosphorus; though there are some others 
which the student is strongly recommended to try, from the 
insight they will give him of the nature of the compounds he 
‘will employ. For instance, by boiling some pieces of muscle 
or albumen, or gelatine in a retort, with dilute nitrie acid, 
he will obtain nitrogen; whence is it derived? Both from 
the animal matter and the acid, Most animal substances con- 
tain nitrogen ; their other essential elements being carbon and 
hydrogen; these latter substances are readily oxidized, and 
nitric acid is rich in oxygen: when heated with this acid there- 
fore, the carbon and the hydrogen of the animal matter quit 
the nitrogen, and form, with the oxygen of the acid, com- 
pounds differing in their nature, according to the temperature 
and proportions, the nitrogen of both acid and muscle, &c. 
being disengaged. When a solution of ammonia in water is 
exposed to the Fig. 54. 
action of chlo- $ 
Fine, nitrogen is 
set free. Into 
the gas flask a, 
Fig. 5A, potsome 


peroxideof man- 
ganese,and pour 
onitsomehydro- 
ehloric (murin- 
tic) acid; con- 
eet this flask with a seat oy by the glass tube, ¢, and into 
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d, pour solution of ammonia: now generate chlorine by ap- 
plying heat to a, it will pass throngh the ammonia and decom 
pose it. The ammonia consists of hydrogen and nitrogen; 
the chlorine seizes the former and produces with it hydrochlo- 
tic acid, while the latter escapes throngh ¢. If the solution 
of ammonia be concentrated, the decomposition is very vio- 
Jent, attended with slight explosion and evolution of heat, and 
sometimes with flashes of light, unattended however with any 
danger; care must be taken to keep the ammonia in excess 
all through the process, as, if the contrary were the case, there 
would be a danger of a very explosive compound, called the 
chloride of amidogen being formed, Another very interesting 
and simple method of exhibiting the decomposition of ammo- 
nia by chlorine ix, to take a glass tube about two feet long, and 
half an inch in diameter, and fill it to within two inches of the 
top with an aqueous solution of chlorine, then to pour # 
strong solution of ammonia carefully on the aqueous chlorine 
till the tube is full; now on quickly inverting the tube over 
the hydro-pneumatic trough, the solution of ammonia being 
lighter than the solution of chlorine, will rise through it, and 
in its passage will suffer decomposition, a torrent of minute 
bubbles rising to the top of the tube, with effervescence. This 
is @ very beautiful and instructive, and at the same time simple 
experiment. 

Properties. Nitrogen, as obtained by any of these process- 
es is a colourless, tasteless, and inodorous gas, rather lighter 
than common air; its specific gravity being 976, taking air as 
1000, It is characterized by the complete absence'of any of 
the positive properties which distinguish other gases. It does 
not support combustion, merely because oxygen is absent; 
and it does not occasion death from any poisonons properties 
of its own, but simply because the gas absolutely essential to 
respiration is not present. Though possessing an extensive 
range of affinity, and forming several highly important com 
pounds, it does not unite directly with any other single ele- 
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ment, under the influence of light or a high temperature ; and 
its use in the atmosphere appears to be to dilute the oxygen, 
‘as it will be shown hereafter that the nitrogen found in plants 
is derived almost entircly from a different source. If hydro- 
gen be heated in oxygen it burns, entering into combination 
with it, and forming, as we have seen, water: but nitrogen 
cannot thus be made to unite with oxygen; nevertheless, if a 
‘series of electric explosions be passed through a tube, con- 
taining a mixture of oxygen and nitrogen, and an alkali, nitric 
acid will, after a time be formed. ‘The lime or potash con- 
tained in old walls are found, after a certain time, to be neu- 
tealized by nitric acid, and rain water frequently contains 
traces of the same, particularly if its deposition has been pro- 
eeded by the discharge of lightning between the clouds. Ina 
similar mavner the water which is formed by the combustion 
of hydrogen in air, or of a mixture of hydrogen and nitrogen 
in oxygen, has often an acid reaction, evidently the nitric; am- 
monia when mixed with air and passed over spongy platina, 
atatemperature of about 572°, may be converted into acid 
aud water; and cyanogen (a compound of carbon and nitro- 
gen) and sir, under similar circumstances, occasions the for- 
mution of nitric and carbonic acids. 

From these facts it appears, that in order that even the 
Most energetic compound of nitrogen should be formed, a 
third substance must be present with which the compound can 

“combine after it is formed, and which consequently may be 
Supposed to dispose an union which would not otherwise take 
place. 

Before describing the chemical compounds of oxygen and 
nitrogen, we will direct attention to that important compound, 
which is regarded by most Chemists as a mechanical mixture 
of the two gases, and which constitutes our atmosphere, 

The essential constituents of the air which we breathe, have 
heen ascertained by the methods we shall now describe, per- 
formed with the greatest care by the most expert experimental~ 


= 
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ists, to be 76-0 grains of nitrogen, and 23°i grains of oxygen 
_in every 100 grains ; or by volume of 21 of oxygen and 79 of 
Nitrogen; there arc other substances continually present which 
will be noticed presently, but the above are its essential con- 
stituents. 

The method of ascertaining the quantity of oxygen con- 
tained in a given portion of air, which was adopted by Scheele, 
was to expose it to a solution of protosulphuret of potassium®* 
ina graduated tube, by which the oxygen was gradually ab- 
sorbed, the sulphuret of potassium passing into the state of 
Aypo-sulphate of potash. Sir H. Davy employed a liquid, 
formed by passing nitric oxide gas into a solution of green 
sulphate of iron. Fig. 55 represents the little instrument de- 
vised by Dr. Hope, for these experi- Fig. 55. Fig. 56. 
ments, and Fig. 56, an improvement on 
the same by Dr. Henry. ‘The former 
consists of a small bottle holding about 
three ounces, into which the graduated 
glass tube, d, is earefully fitted by grind #) 
ing. It has also a ground stopper at 6. 
‘To use it, the bottle is filled with the 
solution of the alkaline sulphuret, and 1 
the tube d, containing the air ta be ex- * 
amined, fitted into its place. After inverting and agitating 
the instrament, the stopper 4, may be removed under water, 
and the absorption is shown by the rise of the liquid in the 
tube. The objection to this cudiometer is, that the liquid is 
constantly becoming more dilute by the admission of water 
through 4, but this is obviated by substituting for the glass 
bottle, one of clastic gam, as shown in Fig. 56, ‘The tube d, 
is accurately ground into a picee of very strong tube, of wider 
bore; the outer surface of which is made rough by grinding, 

* Prepared by strongly igniting jn a crucible, » mixture of charcoal and sulphate of 


potash, by which olf the oxygen of the sulphate is removed as carbonic oxide, aud 
sulphur ead potassium remain in combination, 
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that it may more effectually retain the neck of the clastic bot- 
tle when fixed by wax thread. 
respect in the same way as Dr. Hope's, and us the endiometric 
liqnid rises in the tube, the elastic bottle contracts, so that the 
adinission of a second portion of liquid is not necessary. There 
i Some little difficulty in returning the whole of the residuary 
gas into the tube, which will soon be acquired by practice. 
Dr. Priestley’s method of analyzing atmospheric air, was to 
remove the oxygen by means of the deutoxide of nitrogen, or 
nitric oxide, When we come to this remarkable compound, 
‘we shall state the method of procuring it, and its properties ; 
at present it will only be necessary lo observe that, when- 
‘ever it comes into contact with oxygen, red-coloured acid va- 
pours are invariably formed, so that the two gases detect the 
presence of each other with great certainty. Dr. Priestley was 
the first to notice this, and supposing that combination takes 
place between the gases in one proportion only, he inferred 
that a given absorption must always indicate the same quantity 
of oxygen, and hence was led to employ nitric oxide in endio- 






his bottle is used in eves 








metry. He was however mistaken in this supposition; nitric 
oxide and oxygen unite in scveral proportions, giving rise to 





three compounds, hyponitrous, nitrous, and nitric acids, It 
was found by Dalton and Gay Lussac, that for 100. measures 
of oxygen, 400 of nitric 0: 
mum, and 133 asa minimum: and that between these « 
tremes, the quantity of nitric oxide corresponding to 100 of 
oxygen is exceedingly variable. In the usual mode of opera- 
fing, all of these compounds above mentioned may be gene- 
rated at the same time, and in a proportion to each other by 





ide may be employed as a maxi- 





fo means uniform; 4 circumstance fatal to the employment 
of niteic oxide in cudiometr: In the careful hands of Dalton 
and Gay Lussac however it appears to give accurate results ; 
Dat as the student will not be likely to gesort to this method 
of analyzing atmospheric wir, after being put in possession of 
others so much superior, it will not be worth while to detail 
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the precautions necessary to be attended to, to ensure uniform 
and accurate results, 

One of the simplest, most clegant, and at the same time 
one of the most accurate methods of analyzing atmospheric 
air is, by detonating it with hydrogen by the clectric spark. 
‘The syphon cudiometer of Dr. Ure, Fig. 57, is the most con- 
venient for this purpose. We saw in the last lecture that oxy~ 
wen and hydrogen gases, enter into combination in the pro- 
portion of one volume of the former to two of the latter, to 
form water; if, therclore, we add to a known 


measure of air, a slight excess of hydrogen Fig. 57. 
more than is sufficient to combine with its 
oxygen, and explode the mixture, it is clear F 


that as the nitrogen is unaffected by the 
operation, the sale result of the explosion 

will be water; and as,into the composition 

of that fluid, two volumes of hydrogen and 
one of oxygen enter, one third of the total 
diminution, after the explosion, will repre- | 
sent the volume of the oxygen in the mea- 

sure of air employed, 

Experiment. To 100 volumes of atmospheric air, add 50 
volumes of hydrogen, carefully prepared in the manner di- 
rected for accurate experiments in the last lecture. Procure 
a moderately stout tube, about 22 inches long and u quarter 
of an inch interoal diameter, and elosed at one end ; hermeti~ 
cally seal two platiqn wires into the sides of this tabe, about 
half an inch from its closed end, and let the wires approach in 
the tube to within one-tenth of an inch from each other; next, 
graduate one half the tube nearest the closed end very care- 
fully into hundredths of a cubic inch, in the manner detailed 
in the last number; and lastly, bend the tube neatly in the 
iniddle, by the aid of & spirit lamp and blowpipe; the syphon 
cudiometer, d, Fig. 57, will thus be formed.* A little practice 


* Should the student be disinclined to propsro his own eudlometer tubes, be may 
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will enable the experimenter to transfer a portion of the gase- 
ous mixture to the sealed limb of the instrument, at the water 
‘or mercurial trough; having done so, the meusure of the con- 
fined portion must be accurately noted, with the liguid at the 
same height in each limb: this must be rigidly attended to, ae 
being the only circumstances under which a correct estimation 
of the volume of the mixture is to be made. The mouth of 
the open limb may now be closed firmly with the thumb, and 
a chain having been attached to one of the platina wires, pass 
the explosion from a small Leyden jar, as shown in the figure. 
‘The very great convenience of this form of endiometer will 
immediately be apparent; the portion of air between the liquid 
in the open limb and the thumb becomes compressed, and 
acting us a recoil spring on the occurrence of the explosion, 
every chance of fracture is avoided. ‘The instrument is now 
allowed to cool; after which, the liquid being brought to the 
sume height in cach limb, the diminution in volume is to be 
observed; one third of that diminu epresents the oxygen. 
A fresh portion of the gaseous mixture may then be intro- 
duced; the experiment may be repeated several times, and the 
mean of the whole taken as a datum from which to calculate 
the result. 

‘The author always adopts this plan of analyzing air; he 
gives the following extract from his laboratory journal, to show 
the accuracy of which it is susceptible. 

** Feb. 9th, 1840. Atmospheric air detonated with hydro- 
gen, obtained by inverting a platinum crucible in a basin of 
acidulated water, and placing a piece of zinc on the top: pro- 
hydrogen, two volumes. 

s, became 28:25 
= ai 27:75 
— A, AD. cece cece teen ge «= 25 












Ex: 1. 





prooure them of Messrs. Knight, Foster lane ; or Mr. Want, 79, Bishopsgate street, 
Lonilon, for Be, 6d. each. 
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— 5. 3075... cs 24.85 

eet Sk. SORES 3 
253-25 158°85 
15885 


— 
3) 94-40 = total diminution, 





31M66 = oxygen, 


‘Thrve fifths of the mixtare was atmospheric alr: therefore 

see. = 151-95; consequently 151-95 : 31-466 :: 100: 
7 

If itis inconvenient to employ an electrical machine, the 
combustion of the mixed gases may be determined without 
explosion, by means of spongy platinum, and the experiment 
may thus be conducted in an ordinary jar, over the mercurial 
trough.* 

‘The following method of analyzing atmospheric air has been 
proposed by Branner; by it, he states, that the error which 
attends, more or less, all the other processes, is reduced to 02 
percent. a, 6, ¢, Fig. 58, is a tube, consisting of a wide por- 
tion, 4, and a narrower, ¢; the wider part being drawn in a, 
to a capillary opening. Into it is introduced Fig. 58, 

a quantity of loose cotton und some bits of 

phosphorus ; and being then warmed, the ai 

melted phosphorus is allowed to spread J 
over the fibres of the cotton, so as to ex- 
pose a very great surface. The tube at c, 
fits air-tight to the orifice of the vessel «, 
which is graduated and filled with mercury: 
a cock at ¢, allows the mercury to flow out 
on occasion. ‘To use this apparatus, the 
tube a, 4, ¢, is weighed, and then attached 
to the vessel d; the cock ¢, is then slightly 

* Oran electrophorus may be used, which in the Laboratory ix far mone conreni« 


ent than the electrical machine: for an account of the method of constructing and 
‘using thia instrument, ace my Lectures on Electricity; Lecture ad. 
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opened; the mercury issues out in a properly graduated 
‘stream, and its place is supplicd by air, which entering at the 
capillary orifice, a, streams over the surface of the phosphorus, 
‘by which all its oxygen is removed, and the residual nitrogen 
passing into the graduated vessel, its volume can be easily read 
off: or the mercury which flows off, being caught in a gradu- 
ated glasa, its volume is equal to that of the nitrogen which 
has pussed in. Besides extending the surface of the phospho- 
rus, and thus quickening the absorption of the oxygen, the 
mass of cotton serves as a filter to collect the white fames or 
flakes of phosphorus formed. When a sufficient quantity of 
air bas passed through the upparatus, the tube a, 4, c, is to be 
weighed again: the increase of weight is the quantity of oxy- 
gen absorbed, from which the volume may be known; and 
the mercury measured is the volume of nitrogen, from whence 
its weight may be calculated. The air must of course be dry. 
‘This is effected by securing to the tube a, 4, ¢, by means of a 
eaoutchone connector, a small tube, containing fragments of 
fused chloride of calcium, through which, the air streaming, 
deposits the moisture it may contain.—Kane's Chemistry. 

The celebrated French Chemist, Gay Lussac, recommends 
‘slips of copper, moistened with hydrochloric acid, for absorb- 
ing the oxygen; and Saussure has employed, in his accurate 
researches, metallic lead in thin turnings, which, with a small 
quantity of water, absorb oxygen with great avidity, becoming 
white hydrated oxide of lead, 

Kither of these methods, if applied with the requisite cau- 
tion, ix capable of giving accurate results, and the result of all 
Sppcars to indicate from 20-79 to 21.08 of oxygen gas in 100 
volumes. Itis generally assumed as 21 volumes, which give 















the proportions :— 
ATMOSPHERIC AIR BY WEIGHT. 
OXYGEN. +. 21 
NITROGEN. + 769 
1000 


— 
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Carbonic acid gas in the atmosphere. ‘The presence of this 
compound in air is shown by the pellicle of carbonate of lime, 
which soon forms on the surface of lime-water exposed to it. 
Though forming a very small part of the volume of the at- 
mosphere, its presence is of immense importance, since there 
can be little doubt, that nearly the whole of the carbon In the 
vegetable world, is derived from its decomposition.* On this 
interesting subject, the following remarks are made by Liebig.t 
One man consumes by respiration 24-8 cubic fect of oxygen 
in 24 hours, and 10 ewt. of charcoal consume $2 cubic feet ; 
yet the proportion of oxygen in the atmosphere is not dimi- 
nished. The air contains in minimo $j} oxygen gas, and 
ilies carbonic acid gas. A man consumes (according to 
Lavoisier, Seguin, and Davy,) 45000 cubic inches of oxygen in 
one day. A thousand million of men must therefore consume 
166 billion cubic fect in onc year; this is equal to +'55th of 
the quantity contained in the air in the form of carbonic acid. 
The carbonic acid in the air would thus be doubled in 1000 
years, and man alone would exhaust all the oxygen, and con- 
vert it into carbonic acid in 303 times as many years. This 
calculation is independent of the consumption of oxygen by 
animals and combustion.” It was ascertained by Saussure 
that the mean proportion of carbonic acid in the atmosphere, 

* Itiscarbon which, by cmmbining with water, or with its elements, gives birth to 
‘matters of the highest importance for the vegetable. If twelve molecnles of carbonic 
acid are decomposed, and abandon thoir oxygen, the rerult will be twelve inolccules of 
carbon, which with ten molecules of water, may constitute either tho cellubir time of 
plants, or their ligneous tissue, oF the xtarch and the destrine which are produced from 
them, With the same elements, in the saine proportion, vogetable nature, with a fe 
cundity wonderful and admirable, produces either the insoluble walls of the cells of 
cellular tissue, and of the vemcls; or starch, which ahe nccumulates as nourishment 
aronnd buds and embryos, or the soluble destrine which the sp can convey from one 
place to another for the wants of the plants, It is also, by means of carbon, united 
with water, that the saccharine matters. #0 frequently deposited in the organs of plants 
for peculiar purposes are produced. ‘Twelve moleenles of carbon, and eleven molectles 
of water form the cane sugar. Twelve molecules of carbon, ani fifteen molecules of 
srater, make the sugar of the grape. 


+ See bis" Organio Chemistry,’* in its applications to agriculture and physiology. 
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13 4-9 volumes in 10000 volumes of air, or L in 2000 volumes ; 
but it varies from 6°2 as a maximam, to $7 as a minimum in 
10000 volumes. {ts proportion near the surface of the earth 
is greater in summer than in winter, and during night than 
during day, upon an average of many observations. Over the 
surface of lakes, a8 that of Geneva, the quantity of carbonic 
acid is smaller; itis also rather more abundant on elevated 
situations, as on the summits of high mountains, than in plains. 
Phere is no reason” observes Liebig, “for supposing the 
proportion of carbonic acid to have been less in past ages; 
there must therefore be some cause which preserves the ba- 
lance and prevents an accumulation on the one hand, of ear 
bonic acid; or a diminution on the other, of oxygen. Both 
these causes are united in the process of vegetable life. Plants 
consist, for the most part of carbon, and the elements of 
water, and the relative proportion of oxygen which they con- 
tain, is less than in carbonic acid; they must, therefore, de- 
compose carbonic acid, assimilate the carbon, and return the 
oxygen to the atmosphere.” Plants and animals are, there- 
fore, connected intimately with each other; plants exhale the 
vital principle of animals: animals exhale the food of plants. 
Carbonic acid gas, as will be shown hereafter, contains its own 
volume of oxygen, consequently the atmosphere must receive 
a volume of pure oxygen gas, for every volume of carbonic 
acid which has been decomposed. Every person may con~ 
vince himself of the existence of the property, in the leaves 
and green purty of plants, to decompose carbonie acid, and 
that it is independent of the plant itself, For this purpose, 
Tet some potatoe tops, green and fresh, be exposed in a large 
Hell-glass, filled with epring water, to the sun’s rays; in a few 
hours a considerable quantity of gas will be collected in the 
reveiver, which, on examination, will prove to be oxygen; now, 
if we use distilled water, or water that has been recently well 
boiled, we shall look in vain for this production of oxygen ; the 
reason is evident; spring water contains carbonic acid dis- 





i 





24 ASSIMILATION OF CARDON BY PLANTS. 


solved in it; the green vegetable matter decomposes this acid 
with the assistance of light, assimilates the carbon, and scts 
free the oxygen, and when the whole of the carbonic acid is 
ius decomposed, no more oxygen is collected, but on giving 
the water a fresh supply, the process recommences. That the 
oxygen thus produced is derived from the carbonic acid, and 
not from the water, is still more convincingly shown, by dis- 
solving an alkali in the water, in which case no oxygen gas is 
generated, the carbonic ucid being otherwise employed.* “It 
may be asked,” observes Lichig, “is the quantity of carbonic 
acid in the atmosphere, which scarcely amounts to ysth per 
cent, sufficient for the wants of the whole vegetation on the 
surface of the earth,—is it possible that the carbon of plants 
has its origin from the air alone? This question is very casily 
answered. It is known that a column of air of 221666 Ibs. 
weight, Hessian measure, rests on every square Hessian foot 
of the surface of the carth;+ the diameter of the earth, and 
its superficies are likewise known, so that the weight of the 
atmosphere can be calculated with the greatest exactness. 
‘The thousandth part of this is carbonic acid, which contains 
upwards of 27 per cent, of carbon. By this calculation it can 
be shown that the atmosphere contains 3000 dillion Hessian 
pounds of carbon ;} a quantity which amounts to more than the 

* Ttisa circumstance (observes M. Dumaa,) well worthy of Interest, that thesa 
sreen parts of plants, which manifest the admirable phenomenon of the decomposition 
of carbonic acid, are also endowed with another property not lena peculiar, of leas mya 
terious, In fact, if their Imago were to be transferred hnto tho apparatus of M. Dax 
‘ucrre, these green parts are not found fo be reproduced there; ns if all the chemben} 
rays omential to the Dagucrrian phecnomena had disuppeared in the leaf absorbed and 
retained by it, The chemical rays of light disappear, therofore entirely In the grecn 
arts of the plants; an extraontinary absorption doubtless, but which explains without 
difficulty the enormous expemse of chemical force necessary for the decomposition of a 
body 0 stable as carbonic arid. Green vegetables constitute the great laboratory of 
organic Chotaistry, It is they which, with carbon, hydrogen, water, azote, and oxide 
of ammonium, slowly build up all the moat complex organic matters. 

+ 3690'8bs, English, of air on every English square foot. 

F 3806 billion Haglish Ibs. 
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aight of all the plunts, und of all the strata uf mineral and 
brown coal, which exists upon the earth, This carbon is, there~ 
fore, more than adequate to all the purposes for which it is 
required. The quantity contained in sea-water, is propor- 
tionally greater.” ‘The proportion of carbonic acid gus in the 
atmosphere, is determined by introducing into a large glass 
bottle or globe of known capacity, a solution of barytes, and 
agitating it well with the air, until it is found by browning 
turmeric paper, to be in excess, The carbonic acid combines 
‘with the barytes, forming a white insoluble powder, carbonate 
‘of barytes, which being collected on a filter, and weighed, 
gives, by a simple calculation, the volume of carbonic acid in 
the air. 

Watery vapour in the atmosphere. The presence of water 
in atmospheric air is easily shown by exposing to it, certain 
deliguescent substances, such ws chloride of calcium, which soon 
‘Pecomes moist, and finally liquid, by the absorption. The 
properties of our atmosphere, are considerably affected by the 
presence of watery vapour, which it derives from the sem 
Takes, rivers, and moist soil. ‘The quantity of vapour which 
can be taken up by the air, is governed by the temperature. 
1k was formerly supposed that spontaneous evaporation could 
not take place without air. Dalton has, however, clearly 
shown that when a liquid forms vapour, the quantity produced 
is regulated by the space over which it cun diffuse itself, and 
the temperaturc, and that it is of no consequence whether the 
Space is occupied by vapour or air, or whether it be a vacuum, 
The causes of clouds and rain are deduced from these facts. 
Air can only retain a certain quantity of vapour at a certain 
temperature ; now there are several causes by which the tem- 
perature of air is diminished. Radiation from the surface of 
the eurth produces cold; hence the deposition of dew from 
the air in contact with it. Rarefaction is always attended by 
‘cold, and as air ascends, it becomes rarefied; hence the clouds 


and mists obecryable on the summits of mountains. Dr. Hut- 
° 
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ton was the first who referred the phenomena of rain to the 
fact, that the quantity of vapour capable of entering into air, 
increases in a greater ratio than the temperature; from which 
it follows, that whenever two volumes of air of different tem- 
peratures are mixed together, each being previously saturated 
with vapour, a precipitation of a portion of vapour must en- 
‘sue, in consequence of the mean temperature not being able to 
support the mean quantity of vapour. “ This,” observes Pro- 
fessor Graham, “may be a cause of rain, but it is inconsider~ 
able compared with the following :—contact of air in motion 
with the cold surface of the earth, and its consequent refrigera- 
tion. ‘Though the mean temperatare in this country in Janu- 
ary, is about 34°, still, the occurrence for 24 hours of a south- 
west wind, may frequently be observed to occasion a rise of 
the thermometer to 54°. [f this wind be saturated with 
moisture, a very considerable deposit must take place on its 
being cooled to 34°, which it is on its first arrival.” 

Ammonia in the atmosphere. \n considering the source of 
the different elements constituting the food of plants, the 
question naturally arises, whence do they obtain the nitrogen 
which enters into the composition of vegetable albumen and 
gluten, and which is casential to the perfection of their fruits 
and seeds? The atmosphere is admitted by all chemists to be, 
in all probability, a mechanical mixture of oxygen and nitro- 
gen, and ifso, the latter element cannot exist in a state fit 
for assimilation by plants, and we must look for some other 
source, whence, by decomposition it may be taken up, in & 
manner similar to that in which carbon is assimilated by the 
decomposition of carbonic acid, But in atmospheric air we 
look in vain, by analysis, for any chemical compound contain- 
ing nitrogen. Is this inconsistent with its containing anunonia, 
which has been already shown to be a compound of hydrogen 
and nitrogent Certainly not; as Liebig has most convincingly 
proved, and of which any person with very little trouble may 
satisfy himself. Ammonia is capable of assuming the most va- 
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rioas and opposite forms. Formate of ammonia changes by 
heat into bydro-cyanie (prussic) acid and water, without losing 
any of its constituents. All the salts formed by ammonia, are 
remarkable for their solubility, and ammonia is always present 
in the atmosphere, being invariably produced during the de- 
composition of wnimal matter ; it ix the dast product of putre~ 
faction, though in hot climates it precedes the formation of 
nitric acid. For the following remarks on this highly inter- 
esting subject, I am indebted to Liebig's admirable Essay, 
already repeatedly alluded to. 

When it is considered that a generation of a thousand million 
men is reuewed every 30 years; and that in a much shorter 
period, thousands of millions of animals cease to live; the 
question naturally presents itself; what has become of the 
nitrogen they contained during life? And when we learn that 
the decomposition of animal matter is always attended by the 
production of ammonia; that ammonia {s the simplest com- 
pound of nitrogen, and hydrogen the clement for which it 
exhibits the greatest attraction, the question becomes casily 
solved. The nitrogen which animals contain during their life, 
is given off after death in the form of a volatile compound, 
eapable of entering into combination with carbonic acid, and 
‘of forming with it a volatile salt. 

From its solubility, ammonia must be continually precipi- 
tated to the earth with rain, and in the largest quantities after 
adrought; hence, though it can never be detected in the ana- 
Ipsis of atmospheric uir, i¢ may in rain water ; by evaporating 
carefully a few pints, having first added a little muriatic acid 
to fix it, when nearly dry, ammonia may readily be detected 
by rebbing with quick lime. 

Liebig makes the following calculation with reference to 
the ammonia in the atmosphere. A cubic metre, or 35-2 En- 
glish cubic feet of aqueous vapour, are contained in 17,142 
cubic feet of atmospheric air, at 59° F. and 28 Bar: and 35°2 
eubie feet of vapour weigh baat Iglb, consequently, if we: 

° 
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suppose that the air, saturated with moisture at 59°, allows all 
the water which it contains in the gaseous form to fall as rain, 
then 11 1b. of rain water must be obtained from every 11,440 
cubic fect of air. The whole quantity of ammonia contained 
in the same number of cubic feet, will also be returned to the 
earth in this one pound of rain water. 

But if 11,440 cnbie fect of air contain a single grain of am- 
monia, 10 cubic inches must contain only 0°000,000,048 of a 
grain, & quantity so inconceivably minute, that were it multi- 
plied ten thousand times, it would be inappreciable by the 
most delicate eudiometer. Ifa pound of rain water contains 
only ¢th of a grain of ammonia, then a field of 40,000 square 
feet, must receive annually upwards of 80lbs of ammonia, or 
G5lbs. of nitrogen,* which is more than is contained, in the 
form of vegetable albumen and gluten, in 2650 Ibs. of wood, 
2800 Ibs, of hay, or 200 ewt. of beet root, the yearly produce 
of such a piece of ground, but it is less than the straw, roots, 
and grain of corn, which might grow on the same surface 
would contain. 

Ammonia may be detected in snow water, and it is a singu- 
Jar fact, that it possesses an offensive smell of perspiration and 
animal matter, a fact which leaves no doubt respecting its 
origin. The sensation which is perceived upon moistening 
the hand with rain-water, so different from that produced by 
pure distilled water, and to which the term softness is com= 
monly applied, is to be referred to the carbonate of ammonia 
contained in the former. 

The ammonia which falls with rain is, in a great measure, 
‘Tost by evaporation ; « part of it, no doubt, however, supplies 
plants and is assimilated, entering into the composition of 
albumen, gluten, quinine, morphia, cyanogen, &c. &c,, and 
that portion which is thus withdrawn from the air is soon re~ 

* ‘This enlculation is dedveed from tho observations of Schitbler, from which It ap- 


pears, that 700,000 Ika. of rain fall over this surface in four mouths, and consequently 
‘the annual fall must bo 2,600,000 bs. 
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placed by putrefaction. Liebig ascertained by numerous ex- 
periments, and by methods which we shall hereafter describe, 
the existence of the elements of ammonia in every part of 
plants ; in the root, (as in the beet-root); in the stem, (as in 
the maple tree); and in all blossoms and fruit in an unripe 
condition. 

Itis the manner in which ammonia is presented to the soil 
by manures, more than its quantity, which renders them so 
valuable; it is presented in the form of fied salts, und conse~ 
quently the whole is assimilated ; in the rain-water, on the 
contrary, it is presented in a highly volatile form, and conse~ 
quently, as has been already observed, a portion only is ren- 
ered available for plants. The following case, cited by Liebig, 
is too interesting and conclusive to be omitted. “ Let us,” 
‘says he, “ picture to ourselves the condition of a well-cultivated 
farm, so large as to be independent of assistance from other 
quarters. On this extent of land, there is a certain quantity 
of nitrogen contained, both in the corn and fruit which it 
produces, and in the men and animals which feed upon them. 
‘We shall suppose this quantity to be known, The land is 
cultivated without the importation of any foreign substance 
containing nitrogen. Now the products of this farm must be 
exchanged every year for money, and other necessaries of life; 
for bodies therefore which contain no nitrogen; 8 certain pro- 
portion of nitrogen is exported with corn and cattle, and this 
exportation takes place every year, without the smallest com- 
pensation: yet, after a given number of years, the quantity of 
nitrogen will be found to have increased. Whence, we may 
ask, comes this increase of nitrogen. The nitrogen in the 
‘excrements cannot reproduce itself, and the earth cannot yield 
ft. Plants, and consequently animals must, therefore, derive 
their nitrogen from the atmosphere.” 

‘On this subject, the following remarks occur in a most in- 
teresting Lecture, recently delivered by Dumas, at the Ecole 

od 
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de Médicine, in Paris, and translated into the London and 
Edinburgh Philosophical Magazine; Nos. 125 and 126, 

Nitrogen, or azote. During its life, every plant fixes azote, 
whether it borrows it from the atmosphere, or takes it from 
manure, In either case it is probable that the azote enters 
the plant and acts its part there, only under the form of 
ammonia or of nitric acid. 

M. Boussingault’s experiments have proved that certain 
plants, such as Jerusalem artichokes, borrow a great quantity 
of azote from the air; that others, such as wheat, are, on the 
contrary, obliged to derive all theirs from manure; a valuable 
distinction for agriculture, for it is evident, that all cultivation 
should begin by producing vegetables which assimilate azote 
and air, to rear by their aid the cattle which will furnish ma- 
nore, and employ this latter for the cultivation of certain 
plants which can take azote from the manures only. 

One of the most interesting problems of agriculture then, 
consists in the art of procuring azote at a cheap rate, As for 
the carbon, no trouble need be taken about it; natare has 
provided for it; the air and rain-water suffice for it® But 
the azote of the air, that which the water dissolves and brings 
with it; the ammoniacal salt which rain-water itself contains, 
are not always sufficient. With regard to most plants, the 
cultivation of which is important, their roots should be sur- 
rounded with azotated manure, a permanent source of am- 
monia or of nitric acid, which the plant appropriates as they 


© Its from the aie especially that plants movt frequently derive their carbon. How 
could it be otherwixe, when we soe the enormous quantity of carbon which aged tnees 
have appropriated to themselves, and got the very Limited space within which their roots 
can ostond? Certainly, when a hundred years ago, the acorn gerusinatod which bas 
produced the oak that we now admire, the soil on which if fell did not contain the 
‘millionth part of the carbon that the onk itself now contains. It is the oxrbouie acid 
of the air which bas supplied the rest, that is to say, neatly the whole! But what can 
bbe clearer und more conclusive than the experiment of M. Boussingault, in which, peas, 
sowed in sand, watered with distilled wator, and having no alincnt but air, have found. 
‘in that air, all tho carbon necessary for development, fowering, and fructification— 
Dumas. 
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are produced. This, as we know, is one of the great expenses 
of agriculture, one of its great obstacles, for it possesses only 
the manure which is of its own production. But Chemistry 
is so far advanced in this respect, that the problem of the 
production of a purely chemical azotated manure cannot be 
long in being resolved. 

M. Schattenman, the skilful director of the mauufactories 
of Bouxyilliers, in Alsace, M. Boussingault, and M. Liebig, 
have turned their attention to the functions of ammonia in 
axotated manures. Recent trials show that the nitric acid of 
the nitrates also merit particular attention. 

Bat for what purpose is this azote, of which plants seem to 
have such an imperious want? M. Payen’s researches partly 
teach us; for they have proved that all the organs of the plant, 
‘without exception, begin by being formed of un azotated mat- 
ter, analogous to fibrine, with which, at a later period, are 
associated the cellular tissue, the ligneous tissue, and the amy- 
Jaceous tissue itself. This azotated matter, the real origin of 
all the parts of the plant, is never destroyed; it is always to 
be found, however abundant may be the non-azotated matter 
whieh has been interposed between its particles. 

This azote, fixed by plants, serves therefore to produce a 
concrete fibrinous substance, which constitutes the rudiments 
of all the organs of the vegetable. It also serves to produce 
the liquid albumen, which the coagulable juices of all plants 
contain, and the cascum, so often confounded with albumen, 
bat so easy to recognise in many plants. 

Pibrine, albumen, and caseum exist then in plants. These 
three products, identical in their composition, as M. Vogel has 
Jong since proved, offer a singular analogy with the ligneous 
‘matter, the amadin and the dextrine, Indeed, fibrine is like 
Tigneous matter, insoluble; albumen, like starch, cougulates by 
heat; cascum, like dextrine, is soluble; moreover, the azotated 
matters are neutral, us well as the three parallel non-azotated 
matters, and by their abundance in the animal kingdom, they act 
the same part that these latter exhibit in the vegetable kingdom, 


i 
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Besides, in like manner, as it suffices for the formation of 
non-azotated neutral matters, to unite carbon with water, or 
‘with its elements ; so also, for the formation of these azotated 
neutral matters, it suffices to unite carbon and ammonium 
with the elements of water: forty cight molecules of carbon, 
six of ammonium, and seventeen of water constitute, or may 
constitute fibrinc, albumen, and caseum. 

‘Thus, in both cases, reduced bodies, carbon and ammonium, 
and water, suffice for the formation of the matters which we 
are considering, und their production enters quite naturally 
into the circle of re-actions which vegetable nature seems espe~ 
cially adapted to produce. 

‘The function of azote in plants is, therefore, worthy of the 
most serious attention, since it is this which serves to form 
the fibrine which is found as the rudiment in all the organs, 
since it is this which serves for the production of the albumen 
and caseum, so largely diffused in so many plants, and which 
animals assimilate or modify according to the exigencies of 
their own nature. 

Tt is in plants then, that the true laboratory of organic 
chemistry resides :—thus carbon, hydrogen, ammonium, and 
water arc the principles which plants elaborate; ligneous mat- 
ter, starch, gums, and sugars on the one part; fibrin, albumen, 
easeum, and gluten on the other, are then the fandamental 
products of the two kingdoms, products formed in plants, and 
in plants alone, and transferred by digestion into animals.” 

Such are the principal chemical substances which are continu- 
ally present in our atmosphere. ‘To the Chemical student there 
can be no analytical experiment more interesting than thatwhich 
shows him the constitution of the air which we breathe. Itis one 
of the first which he will attempt at the pneamatie trough, and 
which consequeutly he will be most anxious to succeed in, 
Let me point out to him some precautions in the management 
of his gases, which may save him from much annoyance and 
disappointment. He will probably collect his hydrogen, nitric 
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oxide, &c. over the same water; now, the pneumatic appa- 
ratus, as a writer in the American Journal of Medical Sciences 
well observes, requires to be used with circumspection. It is 
indeed impossible to keep oxygen, nitrogen, or any other gas 
in its original purity, if confined by water, This fluid, which 
when reduced to a thin imperceptible film, is instantaneously 
permeated by almost every substance, undergoes the like action 
in course of time, even in deep masses. Gases are absorbed 
and thrown off by it in its purest state; how much more com- 
plicated then must its action be in that impure condition in 
which it is commonly used! Connected with this point there 
38 another: if a series of jars stand on the pneumatic trough, 
each will affect all the others, communicating a part of its 
contents, and receiving from them in return. A jar, contain- 
ing nitric oxide, standing by one of common air, scriously 
affects it; this I have several times had opportunities of no- 
tieing. Gases should never therefore, be kept for any con- 
siderable time over the general pneumatic trough, if required 
for particular use; but transferred to bottles, and the stoppers 
well greased before they arc put aside, inverted in vessels of 
water or mercury.* 

‘The permanency of the constitution of atmospheric air, led 
Chemists to consider it a chemical combination of oxygen and 
nitrogen, and nota mere mechanical mixture. It was ima- 
gined, that if it were a mere mixture, the oxygen, as the 
heavier gas, would be found in greater abundance in the lower 
regions; but the following experiment will serve to show that 
gases in general, have a tendency to diffuse themselves, and 
‘mix together in an uniform manner, though differing very con- 
siderably in density, a fact, completely disproving the objec- 
tion to the mechanical constitution of the atmosphere. 

Experiment. Provide two similar stout glass phials; fill 


© On the subject of the constitution of the atmosphere, the readér may profitably 
‘Congult Dr. Dalton's remarles, in the 12th Volume of the Leodon and Edinburgh Phi- 
Josophical Magazine, and Dr. Draper's paper in the 13th Volumes 
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with oxygen and the other with hydrogen gas, and con- 
Seeier maa ty nies ot glass tube, passing air-tight 
‘Urough the cork of cach ; allow them to remain undisturbed 
for & few hours; the bottle containing the hydrogen standing 
inverted over that containing the oxygen, as shown in Fig, 59; 
‘a being the boltle of hydrogen, 2, the bottle of oxygen, On 
‘examination the gases will be found to have mixed Fig. 59. 
‘together, for an explosion will take place in either 
phial on presenting a lighted taper, proving that a 3 
portion of the oxygen has ascended and displaced a 
‘sixteen times lighter than itself, and vice versa, 
Goateeis itieenlziate would take place if the lower 
bottle were filled with a still heavier gas, and one 
for which the hydrogen bas no affinity whatever, 
‘amely, carbonic acid. Dr. Dalton was the first 
i who attentively considered this curious 
property of gases, and from numerous experiments, 
eomdacted with his usual skill and care, he drew the 
inference, that different gases afford no resistance to cach 
‘other; but that one gas spreads or expands into the space oc= 
__ eupied by another gas, as it would rush into a vacuum, though 
‘of course the mixture takes pluce more slowly, in consequence 
vi a mechanical obstruction. 
subject of the diffusion of gases has since, been ably 
 inyestigated by Graham, to whose Elements” I must refer 
advanced student for a detail of the phanomena, 
proposed, to consider the different gases which exist 
atmosphere, as being in all points independent of each 
er, and mixed in virtue of this diffusive power, by which 
ance of proportions is preserved, 
here tempted to make another extract from the Lec- 
¢ of Dumas; alluding to the composition of the atmosphere, 
that its stability may be considered entirely inde- 
of the influence of vegetables, and that the propor- 
oxygen which it contains, is secured to it for many 
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centuries. “ Atinospheric air is to be looked apon as a mix~ 
ture;—atrue mixture. In weight, air contains 2,500 of oxygen 
for 7,700 of azote; in volume, 208 of the first, for 792 of 
the second. 

The air besides contains from 4 to 6-10,000ths of carbonic 
acid in volume, whether it be taken in a city orin the countrys 
moreover, it contains a nearly equal quantity of the carburetted 
hydrogen gas, which is called marsh gas, and which stagnant 
waters disengage perpetually ;—a variable quantity of aqueous 
vapour, to say nothing of oxide of ammonium (ammonia) and 
of nitric acid, the existence of which can be only momentary, 
because of their solubility in water, 

As animals breathe continually; as plants breathe under 
solar influence only; as in winter the carth is stript, while in 
summer it is covered with verdure; it has been supposed that 
the air must transfer all these influences into its constitution ; 
carbonic acid should augment by night and diminish by day. 
Oxygen should follow an inverse process. Carbonic acid should 
also follow the course of the seasons, and oxygen obey the 
same law. But in the mass of the atmosphere, all these local 
variations blend and disappear, and calculation shows that 
00,000 years would be required for the animals living on the 
surface of the earth to consume the oxygen entirely. 

If, therefore, we suppose that an analysis of the air had 
been made in 1800, and that another should be made in 1900, 
a diminution amounting to not more than ,s\;oth of its weight 
would be found in the proportion of oxygen, even though plants 
had ceased to perform their functions during the entire century ; 
but this quantity is beyond the reach of analysis; nature has, 
therefore so arranged that the store of air should be such 
with relation to the consumption of animals, that the want 
of the intervention of plants for the purification of the air, 
should not be felt until centuries have elapsed.” 

‘The following calculation is then made — 

‘The air which surrounds us, weighs as much as 581,000 
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cubic kilometres* of copper; its oxygen weighs as much as 
194,000 of these same cubes. Supposing the earth peopled 
with o thousand millions of men, and estimating the animal 
population at a quantity equivalent to three thousand millions 
of men, we should find that these quantities consume in a 
century only a weight of oxygen equal to 15 or 16 cubic kilo- 
metres of copper, whilst the air contains 134,000 of it. It 
would require 10,000 years for all these men to produce a 
perceptible effect upon the cudiometer of Volta, even supposing 
vegetable life annihilated during all this time.” 

Itis not then for the purpose of purifying the air that ve-~ 
getables breathe, though they restore oxygen to it incessantly, 
in quantities at least equal to that it loses, and perhaps more, 
since they live just as much at the expense of the earbonie 
acid, furnished by voleanoes, as at the expense of the carbonic 
acid, furnished by animals; vegetables have another service 80 
immediate, that if, during a single year it were to fail us, the 
earth would be depopulated; it is that which these same ve- 
gctables render us, by preparing our nutriment and that of 
the animal kingdom. In this especially is found the chain 
that binds together the two kingdoms. Annihilate plants, and 
the animals all perish of a dreadful famine; organic nature 
itself entirely disappears with them in a few seasons, 

‘Thus the air is an immense reservoir, whence plants may, 
for a long time, derive all the carbonic acid necessary for their 
wants; where animals, during a much longer time, still will 
find all the oxygen that they can consume. 

Weight of the atmosphere. \t is well known that the rise of 
water in the sucking pump, and the suspension of the column 
of mercury in the barometer tube, are caused by the pressure 
of the atmosphere: from either of these phanomena there- 
fore, the weight of the atmosphere may be measured. The 
weight of the column of mercury in the barometer, is exactly 
‘equal to a cylinder of air of equal diameter, reaching to the 

* A killomotre is equal to 39870°79 Knglish inches, 
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top of the atmosphere, The mean height of the barometer, 
at the level of the sea, is about 286 inches, and a cubic inch 
of mercury weighs 3425-92 grains, or 048956 Ibs. avoirdupois; 
it follows, therefore, that a column of mercury whose base is 
a square inch, and height the mean height of the barometer, 
weighs 048956 x 28-6 inches=14'6 lbs. avoirdupois nearly, or 
that the atmosphere exerts a pressure equal to 146 lbs. on 
every square inch of the surface of the earth; in round num~- 
bers it may be taken as 15 lbs. The existence of this pres- 
sure may be shown in various ways. If a bladder be tied 
‘over one end of a jar, open at both ends, and the air extracted 
by an air pump, the bladder will burst with a loud noise, from 
the pressure of the air on its outer surface, and a pair of brass 
hemispheres which, when filled with air are easily separated, 
require very considerable force to separate them when the air 
isremoved. The pressure of the atmosphere plays a very 
important part in the animal and vegetable ceconomy. Like 
that of all other fluids, it is exerted equally in all directions. 
‘Thus, the air in a tube, presses not only on the bottom, but 
on the sides of the tube, with a force equal to 14-6 lbs. for 
‘every square inch. The surface of a man of ordinary stature 
is about 15 square feet, or 2,160 square inches, whence the 
whole atmospheric pressure which his body sustains, amounts 
to the enormous sum of 31,536lbs. This great pressure is 
not, however, sensible, because it is balanced by the reaction 
‘of the elastic fluids in the interior of the body: but if the 
equilibrium were suddenly destroyed, the consequences might 
be fatal. Under the exhausted receiver of an air-pump, ani- 
mal life is soon destroyed. On the summit of very high 
mountains, n man experiences extreme fatigue, respiration 
becomes difficult, the pulse is accelerated, and it has happened 
‘that the blood has started from the eyes and ears, and other 
tender parts of the body, in consequence of the diminished 
pressure. 

If the pressure of the atmosphere be taken at 161bs, to the 
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square inch, it is equivalent to a column of of water nearly 
34 feet in height. 

Density of the atmosphere, The density of air is proportional 
to the pressure upon it; itis not, therefore, the same at dif- 
ferent distances from the earth’s surface, but diminishes in 
the duplicate ratio of the altitude : in other words, if at a cer- 
tain distance above the surface of the earth, it be only half 
what it is at the surface, then at twice ¢hat altitude, the density 
will be only one fourth of what it is at the surface; now the 
height at which the atmosphere is of half density, has been 
estimated at 2-705 miles, or 11,556 feet; at this altitude there- 
fore, acubic foot of air is expanded into two eubic feet; the 
barometer would stand at 15 inches; and the density is again 
halved for every 2:7 miles additional elevation. The follow- 
ing useful table is given by Graham, constructed from the 
above data, 


DENSITY OF THE ATMOSPHERE. 
Height from the sea in miles. 





Height of the atmosphere. Dr. Prout has ascertained by 
careful experiments, that 100 cubic inches of well dried at- 
mospheric air, weigh, at 60? F. and 80 Bar: 81-0117 grains 
it is, therefore, 815 times lighter than water, and 11,065 times 
lighter than mercury. From this it follows, that were it of 

© Dr, Prout has suggested, tho possiblity of the existence of extremely minute 
portions of poisonous and foreign matters in the air, during the prevalence of epi= 
demic disorders, and in reference to this aubject a remarkable observation occurred 
daring the prevalence of Cholera, For more than six woeks provious to the appearance 
of Cholera ia London, he bad been almost every day engaged in determining accurately 
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the same density throughout, its height would be 11,065 times 
30 inches, or 5:238 miles. But on account of the rapid dimi- 
nution of the density, the height must greatly exceed 5 miles, 
though we have no means of ascertaining how much. ‘There 
‘are, nevertheless, various methods of making an approxima- 
tive estimate, One of them proposed by Kepler, is derived 
from observations on the twilight, which is oceasioned by the 
power the atmosphere possesses of refracting and reflecting 
fight. It is generally assumed that twilight ceases when the 
sun has descended 18° below the horizon; now, it may be 
considered, that this takes place when a ray of light proceed- 
ing from the sun and passing by the surface of the earth, just 
reaches the highest stratum of the atmosphere, and is reflected 
back to the earth in the direction of a tangent to its surface, 
at the place of observation. On this principle it is calculated 
that reflection cannot take place at a greater altitude than 45 
miles. (See the Dictionary of Science, Literature, and Art; 
edited by Professor Brande; article, Atmosphere.) With a 
good air-pump, air may be rarefied 300 times, and if this be 
supposed to be the utmost limit to which rarefaction can be 
carried, the atmosphere would still extend to an altitude of 
about 40 miles. 

Although we cannot assign a precise limit to the height of the 
atmosphere, we have abundant proof that it Aas a limit, and 
that it does not extend indefinitely into celestial space, but 
belongs exclusively to our earth. If, as an eminent Chemist 
observes, we had obtained our atmosphere by gathering up, 
in virtue of our attracting force, the thin air which pervades 
all space; the other bodies of our system should also possess 
atmospheres whose densities should represent the masses of 
the bodies they include. If matter, or rather if atmospheric 





the weight of a given quantity of air, ander precisoly the same circumstances of tempera 
‘ture and pressure. On the th of February, 1882, the weight of the air suddenly rove 
above the nsnal standard, and {t continued s0 for xix weeks. On the ninth of February 
‘the wind, which hed been west, veered round to east,and the first eases of epidemic 
‘Cholera made their appearance. See Prowt's Bridgewater Treatine, page 30. 
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air, were infinitely divisible, the extent of the atmosphere 
would also be infinite: but in this case the fluid could not be 
in equilibrio, unless the sun and all the planets, as well as the 
earth, had respectively portions of it condensed round them, 
proportional to their respective attractions. How, it may be 
asked, do we know that this is not the case? How do we 
know that Jupiter for instance, does not possess a dense at- 
mosphere? Astronomers, by observing the phanomena of 
Jupiter’s satellites, have ascertained that the atmosphere of 
that planet does not, by any means, exceed that of the earth, 
in proportion to the great superiority of his mass and attractive 
power ;* and indced, from the fact, that a ray of light suffers 
no bending in its course, although it passes by the edge of 
Jupiter, it ix highly probable that that immense planet is 
wholly destitute of any atmosphere whatever. 

Dr. Wollaston also has shown from phosnomena attending 
the passage of Venus near the Sun, that the gravitating centre 
of our system possesses no sensible atmospheres are we not, 
therefore warranted in concluding that the atoms of air are 
not infinitely divisible, and consequently, that the atmosphere 
has # limit; and that the limit must be situated wt that height 
above the earth, where the gravitation of the atoms is just 
equal to the force of their repulsion ¢ 


* ‘The mean dinmeter of Jupiter is 87,000 miles, that of our earth 7,912 miles, oF 
about eloven timer lem, consequently Jupiter is 1300 times greater than the earth. "Tho 
ssun fs 1048-00 times larger than Jupiter, and $94,056 times larger than the earth, his 
Aiameter being 886,800 miles. If the sun possessed an atmosphore proportional to thia 
mass und attractive force, ite deity would be prodigious, A man of ordinary size 
‘would weigh sbout two tons on the surfuce of the sun, and a body would fall through 
‘53465 fect in a scoond of time. 
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PROCESS FOR NITROUS OXIDE. 
BEFORE DECOMPOSITION. AETER DECOMPOSITION. 








Nitrate of Ammonia,| 
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From this we learn that 1004 parts, or one equivalent of 
nitrate of ammonia become resolved into two equivalents, or 
554 parts of nitrous oxide, and four equivalents or 450 purts 
of water; the operation may therefore be carried on till the 
whole of the sult has disappeared, for the water will pass off 
as steam, which will be condensed in the water of the pneu- 
matic trough. The operator must be careful not to allow the 
temperature to rise too high, (not much above 350°) or the 
ebullition will become violent, and the gas produced quite 
unfit for respiration. The degree of heat is best regulated by 
applying it through the medium of sand, as shown in Fig. 61, 
in which the decomposition is represented as being conducted 
in a common Florence oil flask, furnished with a bent tube 
and immersed in a small iron cup of sand; the gas must be 
collected over warm water (about 90° F.) since cold water 
absorbs it very freely. If considerable quantities are to be 
collected, the same water should be returned to the gus-holder 
from time to time, it thus becomes saturated with the gas, and 
may then be used without being warmed. 

r2 
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There are other methods of obtaining nitrous oxide, but 
the above is the only one practically available, 
Fiy. 61. 


| 
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Properties. Nitrous oxide is colourless; its taste, when 
pure, is sweet, and its smell peculiar but agreeable. It is hea- 
vier than common air; its specific gravity being 1°527, and 
100 cubic inches weighing 47-2 grains. It supports combus- 
tion; most substances burn in it with much greater enengy 
than in the atmosphere; a lighted taper when introduced into 
it has its flame much enlarged and surrounded by a purplish 
halo, Sulphur and phosphorus when introduced in a state of 
vivid ignition, burn nearly as brilliantly as in oxygen; but if 
they are merely burning dimly, they do not decompose the 
gas but are extinguished. It is nearly entirely absorbed by 
water that has been boiled and allowed to cool without the 
access of air, and this property furnishes a method of testing 
its purity; at Icast ninc-tenths of the bulk of the water ought 
to disappear. The water thus saturated has a sweet taste; it 
does not exhibit any signs of acid or alkaline qualities, and 
when heated gives out the gas unchanged. When mixed with 
hydrogen, it detonates loudly on passing an electric spark 
through the mixture: this was the method employed by Sir 
H, Davy, to analyze the nitrous oxide. Two volumes of ni- 
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trows oxide require for decomposition two volumes of hydrogen, 
and leave after combustion two volumes of nitrogen. ‘The 
hydrogen decomposes the nitrous oxide, by uniting with its 
oxygen and forming water. Dr. Henry employed carbonic 
oxide gas to decompose this gas; potassium or phosphorus 
may also be employed; by all these methods it is proved that 
two volumes of nitrogen combine with one volume of oxygen, 
to produce two volumes of nitrous oxide. 

The most singular property of this gas is the intoxication 
which it produces when inspired, which was discovered by 
Sir H. Davy, nearly at the commencement of his distinguished 
philosophical career. To prepare the gas for this purpose, it 
is necessary to attend to the purity of the nitrate of ammonia, 
which, as prepared for commerce, is frequently found to be 
contaminated with muriate of ammonia or sal-ammoniac, in 
which case the gas obtained may be impregnated with chlo- 
Hine and nitrous acid, and prove yery irritating to the lungs; 
a small admixture of sulphate of ammonia I have also found 
very considerably to diminish the intoxicating powers of the 
gus. Four or five quarts may be respired from a large ox- 
bladder filled from the gus-holder, as shown in Fig. G1. This 
will be found sufficient for one person, and may be obtained 
from about two ounces of the nitrate. An animal when con- 
fined in this gas soon dies, 

Nitric owide, binoxide or deutowide of nitrogen; or nitrous gas. 
This compound was first collected by Dr. Hales, but its pro- 
perties first studied by Dr. Priestley. Tt is obtained most con~ 
yeniently by the action of nitric acid, diluted with an equal 
‘bulk of water on small clippings of copper, and may be col- 
lected in the usual manner over the hydro-pneumatic trough, 
‘as in Fig. 62, being scarcely absorbed in an appreciable man- 
ner by that fluid. It does not require heat for its produc- 
tion. The following diagram will explain the nature of the 
reaction, and the symbolic representation of the compounds 


ro) 





226 NITHIG OXIDE. 


Fig. 62, 








PROCESS FOR NITROUS GAS. 
AFTER DECOMPOSITION. 
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Here we find that to produce one equivalent of nitric oxide 
or nitrous gas, four equivalents of nitric acid, and three equi- 
yalents of copper (Cu) are required ; that it is by the decom 
position of nitric acid that the new gas is formed, and that 
this decomposition is occasioned by a fact that has been noticed 
more than once in these Lectures, viz:—that before a metal 
ean enter into combination with an oxygen acid and form a 
salt, it is necessary that it should be in the state of owide; the 
copper must therefore first decompose a portion of nitric acid 
and unite with an equivalent of its oxygen; it thus becomes 
protoxide of copper, and is in a state to enter into combination 
with the nitric acid. In the diagram it is supposed that three 
equivalents of copper take each an equivalent of oxygen from 
an equivalent of nitric acid which is thus left in a new form, 
that of nitrous gas, retaining only éwo equivalents of oxygen ; 
the three equivalents of protowide of copper now find three 
equivalents of undecomposed nitric acid to combine with, 
forming 3 (Cu O, N,) three equivalents of nitrate of copper. 
‘The only part the water plays in this process, is that of dis- 
Solving the nitrate of copper, hence the benutiful blue liquid 
which remains in the gas-bottle at the close of the operation. 

Properties. This gas is transparent and colourless; it is 
heavier than common air, though not so heavy as the nitrous 
‘oxide, its specific gravity being 1-038, and 100 cubic inches 
weighing 32/137 grains. Though scarcely absorbed by water 
by standing over it, that fluid may nevertheless be made to 
dissolve the gas in the proportion of about one yolume to 
twenty, but to effect this solution, the water must be previ- 
ously deprived of air by long boiling and the gas agitated with 
it for some time. If the solution be kept a long time it will 
be found to contain nitrate of ammonia, resulting from the 
Joint decomposition of the nitric oxide and the water-—Brande. 
After being well washed, nitrous gas is not acid, as may be 
proved by pasting a slip of bluc litmus paper on the inside of 
a jar and filling it with the gas: the colour will remain un- 
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changed. It is absolutely irrespirable, though from the cir- 
cumstance that when introduced into the Jungs it always finds 
sufficient oxygen to convert a portion of it into nitrous acid 5 
its abstract effects on the system cannot be determined. It 
does not support the combustion of inflammables, for although 
phosphorus and charcoal, when introduced into it in a state of 
vivid ignition burn with dazzling splendour, it is in oxygen 
and not in nitric oxide thut the combustion actually occurs; 
the gas being resolved into its elements by the high tempera- 
ture of the combustibles, which combine with the oxygen 
alone, giving rise to metaphosphoric and carbonic acids, while 
the nitrogen remains untouched. If the charcoal or phospho- 
rus are only burning fecbly when introduced into the nitric 
oxide, they will not evolve sufficient heat to decompose it, and 
will consequently be extinguished. Nitric oxide does not 
form an explosive mixture with hydrogen, but imparts to its 
flame a green colour. It is deprived of one half of its oxygen 
and reduced to the state of nitrous owide, by remaining for 
some days in contact with iron or zinc filings. Gay Lussac 
decomposed 100 measures of it by the action of heated potas~ 
sium ; 50 measures of pure nitrogen remained, and the loss of 
of weight corresponded to 50 measures of oxygen, so that 
nitric oxide is composed of one volume of nitrogen and one 
volume of oxygen combined, without change of volume. 

‘The most remarkable property of this gas, and one by 
which it may always be recognized, is that of its forming red- 
coloured vapours whenever it comes into contact with en 
combined oxygen. Jt is this which causes the red fumes in 
the flask in which the gas Is generated. These red fumes are 
acid, as may be proved by admitting a little common air to ajar 
of nitric oxide, in which is pasted a piece of litmus paper, the 
blue colour being immediately changed to red. ‘Though from 
the variable nature of the products, nitric oxide cannot in 
general way be usefully employed in eudiometry, it is useful 
for removing oxygen from a gaseous mixture, which it com- 
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pletely effects if added in excess, and as the red fumes are 
entirely soluble in water, they may be completely removed, 
Nitric oxide is neutral body, having a very limited range of 
affinity is absorbed by all the soluble proto-salts of iron, 
and remains attached to the oxide of iron, when precipitated 
in the insoluble salts of that metal. It was mentioned in the 
last Lecture, that the deep olive-brown solution, formed by 
passing nitric oxide into a solution of proto-sulphate of iron 
‘was found by Davy rapidly to absorb oxygen, and was hence 
employed by him in eudiometric experiments; it cannot how- 
ever be relied on, the absorption of oxygen being soon fol- 
lowed by the evolution of gas from the liquid itself.—Turner. 

Nitrous acid. When nitric oxide is added in excess to 
oxygen or atmospheric air, this acid is the principal product. 
Tt is obtained in a direct manner by mixing four volumes of 
nitric oxide with one volume of oxygen, and exposing it toa 
great degree of cold, by which it is condensed into # deep 
green-coloured and very volatile liq When nitre is ex- 
posed to a high heat, it melts; and then undergoes decompo- 
sition, giving off oxygen gas, and becoming nitrite instead of 
witrate of potash, NO: KO, giving off 20, and becoming NO, 
KO. This salt cannot be crystallized and therefore cannot be 
readily obtained pure, a sparingly soluble salt, nitrite of silver, 
may however be obtained from it in a state of purity, by 
dropping into it previously filtered solution of nitrate of silver, 
and from this salt pure nitrites may be obtained by double 
decomposition.—Mitscherlich. 

Perowide of nitrogen. This compound of oxygen and ni- 
trogen is produced alone, when four volumes of nitric oxide 
and two volumes of oxygen, both quite free from moisture are 
mixed, and exposed to a great cold, the six volumes being con- 
densed into two volumes. It is likewise formed by distilling 
nitrate of lead in a hard glass retort, and collecting and con- 
densing the vapours in a receiver, surrounded with a mixture 
of snow and salts a quantity of oxygen gas escapes, NO’ PbO 
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gives PbO, free NO,, and O. As thus obtained, the peroxide 
of nitrogen is a highly volatile liquid, boiling at 82° and form 
ing a white solid mass at —40. It is powerfally corrosive, 
staining the skin yellow like nitric acid. Ina stoppered bottle 
it preserves its liquid form at common temperatures, but when 
exposed to the atmosphere it is rapidly dissipated. It is a 
powerful oxidizing agent. It is the presence of peroxide of 
nitrogen which causes the disagreeable fumes in the coloured 
nitric acid of commerce, and by gently warming that acid, 
and condensing the vapour that comes over the liquid, por- 
oxide of nitrogen may be obtained. 

Nitric acid. This is by far the most important compound 
of oxygen and nitrogen, being extensively used in the arts, 
and constituting one of the most valuable re-agents in the 
laboratory of the Chemist. Although known in the earliest 
ages of Chemistry, it was not till 1785, that its troe nature 
and composition was firet demonstrated by Mr. Cavendish, 
who, by passing a succession of clectric sparks through a mix- 
ture of seven volumes of oxygen and three of nitrogen during 
several days, the mixture being confined in a small tube over 
water, obtained a solution of nitrate of potash. ‘This experi- 
ment may be made in a less laborious but equally satisfactory 
manner by moistening a very small slip of litmus-paper in a 
solution of caustic potash, and then passing a succession of 
electric sparks from a powerful machine, over its length in 
air, the alkali will gradually become ncutralized, and ultimately 
the litmus paper will be reddened ; on drying the paper it will 
be found to have become ¢ouch-paper, proving that nitrate of 
potash bas resulted from the operation. 

Preparation, The nitric acid or aguafortis which is met 
with in commerce, is prepared by decomposing nitre* by 
means of sulphuric acid. The proportions employed differ in 





* ‘Since the introduction of nitrate of soda into eommoroo, it has almost completely 
superseded nitrate of potash for making nitric acid. It is naweh chosyer, yields 
larger product, requires less sulphuric acid, and Jess heat. 
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different manufactories; but the most convenient are two 
equivalents of oil of vitriol, and ove equivalent of nitre; 97 
parts of the former to 100 of the latter, or in practice, equal 
weights of each, It will be seen by the following diagram, 
that this is twice the quantity of oil of vitriol that is absolutely 
required ; but this acid is so cheap, that the advantages gained 
by doubling the requisite quantity are quite sufficient to war- 
rant the additional outlay. The advantages are the absence of 
disagreeable vescicular swelling of the materials; of ruddy 
fumes which are condensed with difficulty; the lower tempera- 
ture required ; and lastly and principally, when the operation 
is conducted in glass vessels, the residual formation of a s0- 
luble bisulphate, instead of a hard and less soluble neutral 
sulphate of potash, 
PROCESS FOR NITRIC ACID. 

BEFORE DECOMPOSITION. ig DECOMPOSITION, 
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Here we see that an equivalent, or 613'5 parte of oil of 
vitriol decomposes an equivalent, or 1267 parts of nitrate of 
potash, and that an equivalent, or 1267 parts of nitrate of 
potnsh, and that an equivalent, or 1091 parts of sulphate of 
potash is produced, while an equivalent, or 677 parts of real 
nitric acid is set free; but as this acid cannot exist in a free 
state without water, it takes an equivalent, or 112° parts of 
water from the oil of vitriol, forming 789°5 parts of nitric acid 
and water, The other equivalent of oil of vitriol is not there- 
fore concerned in the decomposition, and is consequently ready 
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to enter into combination with the sulphate of potash, forming 
an equivalent, or 17045 parts of bisulphate, 

The atudent may prepare his own nitric acid very conveni- 
cantly, using the distillatory apparatus of Liebig, Fig. 63. Par- 
ticular attention should be paid to the purity of the nitre, 
which, as met with in commerce, is nlways more or leag im- 
Fig. 63, 








@ ven 9 pe 
pregnated with common salt; to separate which, the nitre 
must be dissolved in distilled water, and repeatedly re-crystal- 
lized; one pound of it, previously melted, and after cooling, 
pulverized, may be mixed in a green glass retort, with one 
pound of the strongest oil of vitriol, and the distillation con- 
ducted as shown in the figures; the heat of an Argand lamp 
being quite sufficient to effect the complete decomposition of 
the nitre. If the sulphuric acid employed be in its highest 
state of concentration, the nitric acid produced should have a 
density of 1-522 at 58°; and the operator should obtain theo~ 
retically 10 ounces: moat probably however the oll of vitriol 
will not be in its highest state of concentration, or it will con- 
tain more than one equivalent of water for one equivalent of 
acid. I generally obtain about nine ounces of acid, specific 
gravity, 147 from sixteen ounces of nitre, which I believe is 
as much as can practically be expected. 
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In preparing nitric ncid on the large scale for commerce, no 
care is taken to purify the nitre, the presence of a little mu- 
riatic acid being of no consequence. Fig. 64 represents the 
arrangement of the apparatus employed at Apothecaries’ Hall, 
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@, an iron pot set in brick-work over a fire place; 6, an carthen 
head luted upon it communicating with ¢ and d, two receivers 
of the same material, furnished with earthenware stop-cocks, 
the last of which has a tube of safety, dipping into a basin of 
water, The acid as thus obtained is contaminated with chlo- 
fine from the decomposition of the common salt (chloride of 
sodium,) contained in the nitre, sulphuric acid from too high 
a heat, and iron arising from the retort, or from the stoneware 
cylinders; all these substances are easily detected and re- 
moved, so that having once prepared the acid, to make him- 
self familiar with the process, the student will rarely have oc- 
casion to repeat it, as the purified aquafortis of commerce will 
‘be strong enough for most of his experiments. Firat; to de- 
tect the chlorine, let a few drops of the acid be mixed with 
half an ounce of distilled water; dip a glass rod into a solu- 
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tion of nifrate of sifcer and stir the mixture with it; if any 
chlorine be present a white cloudiness will be immediately 
perceived, arising from the decomposition of the nitrate and 
the formation of chloride of silver. Second; to detect sulphuric 
acid, stir the mixture with a rod that has been dipped in a so- 
lotion of nitrate of barytes; a white precipitate, occasioned by 
the formation of insoluble sulphate of barytes will indicate 
the presence of sulphuric acid. Third; to detect iron, which 
if present, will be in the state of a perowide; drop a little so~ 
lution of yellow prussiate of potash into the mixture, which, 
will form Prussian blue, if any of that metal be present. 

From all these impuritics, the acid may be freed by being 
re-distilled ; the chlorine passes off with the portions that 
first come over, and the sulphuric acid and iron remain in the 
retort, provided the distillation be not pushed too far. Ace 
cording to Kane, from twelve pounds of commercial aquafortis, 
about cight ounces of pure nitric acid are obtainable, three 
being allowed to come over first, to carry off the chlorine, and 
one being left in the retort with the fixed impurities. 

{t is hardly possible, however careful the process is con- 
ducted, to prevent a small portion of the nitric acid from be- 
ing decomposed; at the commencement of the operation 
nitrous fumes are disengaged, which communicate to the acid 
4 straw-yellow or an orange-red tint, according to their quan- 
tity. Ifa colourless acid is required, two receivers should be 
used, one for condensing the colourless vapours of nitric neid, 
and another for the coloured products. But the strong and 
colourless acid, if exposed to direct solar light, very soon be= 
comes deep yellow, whilst oxygen gas is disengaged; and in- 
deed, if the acid be kept in a white glass bottle and not ex- 
posed to the sun, it acquires a yellow colour after a time, but 
this is not of the slightest consequence, as in nearly every case 
the coloured acid may be substituted for that which is colour- 
Jess, and in some cases is even preferable. 

Properties and uses. From the facility with which nitric 





PROPERTIES AND USES OF NITRIC ACLD. 235 


acid parts with a portion of its oxygen, it is exceedingly useful 
as an oxidizing agent. It acts with remarkable energy on 
most of the metals, and on organic substances: forming oxides 
with the former, and with the latter ng rise to oxalic, ma- 
Vie, anil carbonic acids, and sometimes to ammonin and prus- 
sic (hydrocyanic acid). Ifonadrachm of oil of turpentine, 
mixed with half a drachm of sulphuric acid, a drachm of 
strong nitric acid be poured, the whole will burst into a flame, 
and a picce of glowing charcoal thrown on the surface of the 
concentrated acid, burns vehemently. With animal substances 
containing nitrogen, it forms new bodies of a deep yellow 
colour, hence the stains it produces on the fingers and nails; 
this property is applied to a useful purpose, in stamping the 
yellow patterns on woollen table covers. The action of nitric 
acid on some of the metals is attended with some interesting 
Phenomena, If an iron wire be immersed in a glass con- 
taining nitric acid, of the specific gravity of 1-48, it remains 
unaltered, and is, even after half an hour, as bright as when 
first put in; but if the acid be stronger or weaker the action is 
very intense. A piece of iron thus inactive in strong acid, may 
be brought into activity by simply touching it with another. 
There are some curious electrical conditions involved in these 
pha:nomena, for an account of which I refer the reader to two 
papers, communicated by me to the London and Edinburgh 
Philosophical Mayazine, vols. 10 and 12, in which he will also 
find some other papers on the same subject by Professor Schén- 
bein and others. 

With tin, a highly interesting experiment may be made, 
Put some filings of that metal into a small porcelain cup, and 
pour on them a little concentrated nitric acid; no action will 
ensue; now add a little water, violent effervescence will im- 
mediately take place, and the tin will speedily be reduced to 
the state of peroxide; but this is not all; transfer the dry 
powder to a mortar, and intimately mix with it a little pul- 
verized sal ammouiac, (muriate of ammonia); a powerful 
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smell of ammonia will be evolved, proving that nifrate of am- 
monia must have been formed with the peroxide of tin: now 
ammonia, as will presently be shown, is composed of nitrogen 
and hydrogen, (NH,); water therefore must have been de- 
composed, the oxygen of which united to the tin, while the 
hydrogen combined with the nitrogen of the acid forming am- 
monia, which then entered into combination with its equiva- 
lent of undecomposed nitric acid. 

Nitric acid is used in fumigations, to destroy contagious and 
infectious matter, more especially in inhubited apartments 
where chlorine would be injurious; it is not however so effi~ 
cacious as this last principle: for this purpose nitrate of po- 
tassa may be decomposed by sulphuric acid in a porcelain 
saucer, aided by a gentle heat. In pharmacy and surgery this 
acid is susceptible of application; and in the arts, particularly 
for etching on copper; for preparing solutions of tin for dyers 
and calico printers; in metallurgy and assaying, it constitutes 
‘a most valuable agent. 

The action of the concentrated acid on some organic sub- 
stances is singular, If a picce of paper be sonked for about 
one minute in an acid formed by distilling 100 parts of nitee 
with 60 of oil of vitriol; it is found to shrivel up a little and 
become nearly as tough as parchment, and when dried to be 
remarkably inflammable, catching fire at so low a temperature 
‘as 356° and burning without any nitrous odour—Pelouze— 
Graham. 

In the laboratory, the uses of nitric acid are many and im- 
portant. First. Asa general solvent of the metals. Second. 
‘To effect the separation of certain metals—antimony and tin 
for instance, in the form of insoluble peroxides, from those 
which yield soluble oxides. Third. To separate sulphur from 
the sulphurets of copper, lead, or silver, for which purpose it 
should not be very strong. Fourth. ‘To detect and destroy 
the fetid odour of sulphuretted hydrogen. Fifth. As a test 
of organic substances, most of which, if they contain nitrogen, 
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it tinges yellow; it detects strychnina* by rendering it reds it 
distinguishes gum from starch by converting the former into 
mucous or saclactic acid, and cork it changes into suberic acid. 

Tests of nitric acid. All the nitrates being soluble, it is not 
possible to detect this acid by precipitation; onc of the fol- 
lowing methods may, however, be resorted to with a view of 
ascertaining its presence. First, The production of red fumes 
of nitric oxide, when brought into contact with a metal, is cha- 
racteristic of it. Second. When a drop of nitric acid is added 
to water tinged blue by sulphate of indigo, and the mixture 
boiled, it is bleached by the oxidizement of the indigo by the 
acid. Third. Whenasmall crystal of copperas (proto-sulphate 
of iron,) is placed in contact with water containing nitric acid, 
‘a ring of deep oliye-coloured liquid forms round it, according 
‘as it dissolves; from one portion of the proto-sulphate re- 
ducing the acid to the state of nitric oxide, which then com- 
bines with the remaining proto-sulphate. The mode of ap- 
plying this test, ms recommended by De Richemont, is this: 
add to a small quantity of sulphuric acid the solution to be 
examined, in such a proportion that the quantity added should 
equal three-fourths of the bulk of the acid. When the mix- 
tare has become cool, drop in a concentrated solution of proto- 
sulphate of iron, which, if any nitric acid be present, decom- 
poses it, causing the evolution of nitric oxide, which produces 
a rose-red or purple tint, This mode of operating will allow 
us to detect 1 part of nitric acid in 24,000 of water. Fourth. 
Nitric acid gives to hydro-chloric (muriatic) acid, the property 
of dissolving gold leaf. Fyth. It produces a deep red colour 
with morphia. It is always however, advisable to neutralize 
the liquor to be tested with potash, and evaporate to dryness. 
‘The salt thus obtained, crystallizes in sharp needles, and de- 
Angrates when placed on ignited charcoal: heated with a little 
bisulphate of potash and some copper filings, it evolves co- 
pious red fumes, and with a drop of sulphuric acid, and a crystal 


* A most poisonous vegetable alkali, obtained from the mux vomica, 
@ 
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of proto-sulphate of iron, produces the olive-coloured liquid 
already noticed. All solid compounds of nitric acid, such as 
the basic nitrates, may be recognized im this way.—Kane. 

‘The salts formed by nitric acid are called nifrates; they are 
all, withoot exception, decomposed by a high temperature, 
‘especially when combustible matter is present, hence the great 
use of nitre as an oxidizing agent. ‘The process for oxidizing 
by means of this salt is called deflayration, and is generally 
performed by mixing the inflammable body with an equal 
weight of nitre, and projecting the mixture in small portions 
at a time, into a red hot crucible. 

Nitre or nitrate of potash is spontaneously produced upon 
the soil in many parts of the world, as Spain and the Bast 
Indies, Nitric neid is indirectly formed by the conjoint netion 
of decomposing animal matter, and of earthy bases on atmos- 
pheric air, The grand cause of nitrification on the surface of 
the earth is probably ammonin. Let ussee in what way, Ni- 
trogen is remarkable for its fecble affinity for oxygen, and the 
Spontaneous decay or eremacausis of organic substances which 
contain that principle, always gives rise to the formation of 
ammonia, but never to that of nitric acid. 

It has been supposed by Chemists however, that under cer- 
tain circumstances, the nitrogen in an animal substance, when 
exposed to the action of the air, water, and alkaline bases, 
obtains the power to combine directly with oxygen and form 
nitric acid. 

Liebig asserts that such a supposition is unnecessary, Am- 
monia is changed into nitric acid with great facility; it is 
owing to this that the determination of nitrogen is so difficult 
in an organic analysis. Ammonia is formed by the elevation 
of temperatare, and when this compound passes over red hot 
oxide of copper, it is converted cither partially or completely 
into an oxide of nitrogen, 

Ammonia and oxygen, when passed together over red hot 
spongy platina, occasion the formation of nitric acid. 
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Ammoniaeal gas, when conducted over red hot oxide of 
manganese or iron, gives rise to the production of nitrate of 
ammonia, 

Nitric acid is never formed during the combustion of carbon 
and oxygen, nitrogen being presents though if ammonia be 
present, nitric acid is invariably formed. The reason of this 
seems to be, that botk the constituents of ammouia combine 
with oxygen and with each other, and more, that nitric acid 
cannot exist without one of the products, namely, water. 

With a compound of carbon and nitrogen on the other 
hand, there is not this predisposing cause: on the contrary, 
the carbonic acid formed probably, opposes the production of 
nitric acid on account of its gaseous form. 

Azotized matter is not, therefore, the immediate cause of 
nitrification; it contributes to the production of nitric acid, 
‘only in so far as it is a slow and continued source of ammonia. 
By lixiviating the soil on which the natural nitre beds are 
formed with water, a solution is obtained, containing among 
other saline matters, a considerable quantity of nitrate of 
lime: this is then decomposed by an impure carbonate of 
potash, and carbonate of lime being. precipitated, a solution 
Of nitrate of potash is obtained, from which the salt is pro- 
cured by evaporation and crystallization. 

Nitrogen with hydrogen. \t is now generally admitted by 
Chemists, that there exist ree compounds of nitrogen and 
hydrogen, to which there have been given the names of Ist, 
amidogen, (NH,); 2rd, ammonia, (NH,); and 3rd, ammo- 
niom, or ammonyle, (NH,). Of these, ammonia is the only 
one that ean be obtained in a separate state, and therefore it 
is the only one which, in a work like this, it will be necessary 
to describe minutely, 

Ammonia is a volatile alkali; its solution in water forms 
the well known stimulant, figuid ammonia, or spirit of harts- 
horn. It derives its name from sal ammoniac, the salt from 
which it is prepared. aii tae or muriate of ammonia is 
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anatural production, occurring in crystalline masses in the 
vicinity of volcanoes. According to Pliny, it derived its name 
from the circumstance of its having been found near the tem- 
ple of Jupiter Ammon, in Africa, Ammonia is produced in 
the destructive distillation of all organic substances containing 
nitrogen, end also, as has been already stated, during the 
“ponerse ies of animal matters in the atmosphere. 

of ammonia is exceedingly interesting and 


per ag formula (NH) indicates, it is a compound _ 


of one equivalent of nitrogen and three equivalents of hydro- 
gen; nevertheless, the gases may be mixed in that proportion 
without any tendency to combination being evinced ; but if 
we present nitrogen and hydrogen to each other in what is 
termed their nascent state, that is, before they have combined 
with that something which gives them their gaseous form, am- 

~ monia is invariably produced; there is no experiment which 
shows this in a more striking manner than the one recently 
alluded to with nitric acid, water, and tin. 

Ammoniacal gas is prepared by mixing intimately equal 
weights of pulverized sal ammoniac and quicklime, and distil 
ling in a glass retort; the product, if intended for examination 
in a gaseous form, must be collected over mercury. The fol- 
lowing diagram exhibits the nature of the reaction. 

. PROCESS FOR AMMONIA. 
BEFORE DECOMPOSITION. 


. APTER DECOMPOSITION. 
ydrochlorate or’ NH, 2144——_NH,, 2144 
NH,, CH | nuriate of am- H 124 
monia,........ Cl 442 
oxide of calcium |, /O i) Sao 1125 
C20 or lime........ {ce 256 ——Scacl 698 
1021035 105 
By this we see, that by using equal weights of lime and sal 
-ammoniac, all the ammonia is sure to be separated from the 


_mvriate; chloride of calcium and excess of lime remaining in 
the retort, 
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This gas is permanently clastic at common temperatures; 
but submitted to a pressure equal to about 195 inches of mer- 
ecury, or 6° atmospheres; at;the temperature of 50° it becomes 
Tiquid. It is very pungent and nerid, and of course, therefore, 
‘unrespirable, except when diluted with common air, in which 
state it forms an agreeable stimulant. Its specific gravity, 
compared with hydrogen, is as 8°5 to 1} compared with com- 
mon air, as 0°59 to 1; 100 cubic inches weigh 18°19 grains. 
Ammonia extinguishes flame ; but it may be burned when issu- 
ing from a capillary orifice in an atmosphere of oxygen ; mixed 
with its volume of oxygen it burns with a feeble explosion, and 
with an equal volume of nitrous oxide it may be detonated by 
the electric spark, affording water and free nitrogen. 

Ammonia possesses in a yery marked manner all the pro- 
pertics of an alkali; it combines with and neutralizes the 
most powerful acids, forming salts; all of which suffer de- 
composition by being heated with the fixed alkalies or alkaline 
earths, and none can sustain a red heat without undergoing 
decomposition. It is resolved into its elements the instant it 
comes into contact with chlorine, whether in a gaseous state, 
or in a liquid form. The latter experiment has been already 
alluded to as a process for obtaining pure nitrogen. Its de- 
composition by chlorine, while in a gaseous stute, we shall de- 
scribe when we come to chlorine. 

When a succession of electric sparks is passed through am- 
moniacal gas, it is likewise resolved into its elements, and the 
same effect is produced by conducting ammonia through porce- 
Jain tubes heated to redness, Berthollet thus found, that 200 
volumes of ammonia occupied the space of 400 volumes, 300 
of which were hydrogen and 100 nitrogen, and the same has 
since been verified by Dr. Henry. 

When conducted into water, that fluid dissolves several 
hundred times its volume, and the solution of ammonia thus 
obtained is always specifically lighter and has a lower boiling 
point than water, When a concentrated solution is required, 
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the distilled water in which the gas is condensed mast be 
kept cool by means of ice or damp cloths; it may thus be ob- 
tained of specific gravity, 0-936, in which state of concentra- 
tion it boils at 130° owing to the rapid escape of pure am- 
monia, though the whole of the gas cannot be expelled by 
this means, ay wt last the solution itself evaporates. It freexes 
at about —39, the same temperature as mercury. On ace 
count of its great volatility it should be kept in well-stopped 
bottles, a measure which is also required to prevent the ab- 
sorption of carbonic acid. [t may always be known by its 
smell, and by its temporary action on yellow turmeric paper. 
Amidogene (NH) is supposed by Dr. Kane, to exist in the 
white preeipitate* of pharmacy, und this opinion is strengthened 
by the observations and experiments of Uligren. It was sug- 
gested by Dumas, that the explosive compounds of nitrogen 
might contain amidogene, and the same view has been applied 
to the fulminating compounds produced by the action of am- 
Monin upon the oxides of gold and silver, Although there 
appears to be no doubt in the minds of Chemists as to the ex- 
istence of this compound, it has not yet been insulated. Mer- 
cury is the only mefal with which it has hitherto been found 
in combination, but with oxalic and other organic acids, and 
with sulphurous acid it forms compounds which are termed 
amides, a8 ovamide, (NH,C,O,) sulphamide, (NH, SO.) &e. 
Ammonium (NH) is a hypothetical compound, with respect 
to which there is a diversity of opinion among Chemists. 
When mercury is alloyed with one per cent. of sodium and 
poured into a saturated cold solution of sal-ummoniac, it mn- 
dergoes a prodigious increase of bulk, increasing sometimes 
from one volume to two hundred, without becoming in the 
least degree vesicular, and acquires a butyraceous consistence, 
whilst its metallic fastre is not impaired. A small addition is 
at the same time made to its weight, estimated at from 1 part 
in 2,000 to Lin 10,000, and which certainly consists of am 


* Formed by adding ommonia to a solution of chiloride of meroury. 
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monia and hydrogen, in the proportions of ammonium. ‘The 
, sodiam, some suppose, combines with the chlorine of the 
chloride of ammonium, (sal-ammoniac,) and the liberated am- 
monium with mercury, so that the metallic product is an 
amalgam of ammonium.—Grakam. The same sort of amalgam 
is formed by placing a solution of marinate of ammonia in the 
decomposing cell o, of the voltaic arrangement, Fig. 65, with 
mercury in contact with the platina plate v.* After a few 
hours the fluid: metal swells Fig. 6, 
to five or six times its former 
bulk, and when put into 
water gives off hydrogen gas 
and slowly returns to its for- 
mer state, ammonia in solu- 
tion being obtained. Some 
Chemists imagine that nitro- 
gen is the substance here 
decomposed, a metal being 
extricated from it which forms an amalgam with mercury. 
Daniell thinks such an assumption unnecessary, and explains 
the phenomenon by referring it to the force of adhesion by 
which the clasticity of the hydrogen and ammonineul gases is 
restrained by the mereury, and which reacting upon the cohe~ 
sion of the metal, causes it to expand and increase its volume. 
He instances silver as presenting a similar phoenomenon, which 
ata white heat, absorbs large quantities of oxygen, giving it 
off again when it solidifies. 

* ‘This simple arrangements a contrivance of Dr. Golding Bird, and is well alapted 
for the investigation of the decomposing power of feeble oleetrienl currents, @ix a ey 
Tinder of glam, four inches long, closed at the Lower end by « plug of plaster of Paries 
this fs fixed within the plain jar, 0, about eight inches deep, by two iuches in diameter § 
a plece of sheet copper, ¢, four inches tong and three inches wide, having a copper eon= 
ducting wire sollleredl to it, is loosely coiled up and placed in the inner eylinder s x 
ploce of aheet zinc, =, of equal ase, fx also loosely coiled and placed in the outer cylinder, 
‘the xing being likewive furnished with conducting wire. ‘The outor cylinder ie neurly 
filled with a weak solution of commun salt, and the faner with » saturated solution of 
wulphate of copper. ‘The decomposing ecll Is the counterpart of the battery itaclfs y, 

ls « slip of platina foil, and z,.a wlip of amalgamated sinc. 
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The metallic character of ammonium is not however es- 
sential to it as an alkaline radicals other basyles, (ethyle and 
benzoyle for instance, are now admitted, whieh certainly have 
no claim to such character.)* 

‘The elementary substance which stands next to nitrogen in 
the Table of Elements,” is carbon, (C) a highly important 
and extensively diffused principle, to which, with its combi- 
nations, our attention must next be directed. 

‘There is no clement which presents itself to our notice, in 
80 many varied states as carbon; we have it in ite purcst 
form in the diamond ; it occurs also as a mineral in the form 
of graphite, plumbago or black lead; and as anthracite, mineral 
charcoal, or glance coal; we have it also as common charcoal, 
coke, gas carbon, lamp black, and animal charcoal orivory black, 

Of the claim of the diamond to be considered as pure crys~ 
tallized carbon, there is no doubt whatever. Fronvits high 
refractive power, it occurred to Newton that it was combus- 
tible, or, that it was an “ unctuous substance coagulated ;” but it 
was in 1694 that it was first burnt by the Florentine acacemi- 
cians, by exposing it to the heat of the sun, concentrated in 
the focus of n lurge lens; the flame was blue and lambent. 
‘The products of its combustion were first examined by La- 
voisier, in 1772, who showed that it produced carbonic acid, 
and subsequent experiments have completely proved that this 
compound is the sole result. 

‘The diamond cannot be burned in the atmosphere unassisted; 
it does not produce sufficient heat during its combination with 
oxygen, but it is quickly consumed in fused nitre, the potash 
of whieh retains the carbonic acid formed, and this is the 
simplest way of analyzing it. 

Fig. 66 represents an apparatus which may be used for 
burning the diamond, It consists of a glass globe of about 

* For the new views of the natare of the ammonites! mts, suggested by the abore 


‘theory of ammoniam, I must refer the more advanced student to the admirable ele 
mncats of Professor Graham, to which I baye so frequently before alluded. 
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140 cubic inches capacity, in the centre of which there passes 
from the lower stop-cock a jet, on which is fixed asmall platina 
capsule picreed full of holes: on cither side of this jet there is 
a wire, one of which commences from the jet, while the other 
insulated by passing through a glass tube and making its 
exit through the upper part of the stop-cock, it terminates in 
a ball or ring, at which sparks may be taken from an clectrical 
machines the pierced capsule serves as a grate to hold the 
diamonds. ‘The globe is Fig, 66. 

first exhausted, and then 
filled with pure oxygen, 
and a small stream of 
hydrogen is then sent in 
from the bladder, and a 
‘spark passed between the 
wires; the gases begin 
to burn, and the platina 
capsule and diamonds 
soon become white hot, 
and when the latter have 
entered into combustion 
the hydrogen may be 
turned off and the blad- 
der detached; the dia- 
monds continue to burn, 
producing a stroug white 
heut, until so far reduced in size as to be cooled too Jow by 
the platinum with which they lic in contact. 

Diamonds were originally discovered in Bengal, and in the 
island of Borneo: about the year 1720 they were found in 
Brazil. They always occur in a detached state in an alluvial 
soil. ‘The primitive crystalline form is a regular octahedron, 
of which there are numerous modifications. Diamonds are 
found of various colours, but the colourless are the most 
esteemed. It is the hardest substance known, and can only 
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be polished by its own dust or powder, The largest known 
diamond is probably that mentioned hy Tavernier, in posses~ 
sion of the Great Mogul ; it was found in Goleouda, in 1550; it 
is the size of half a hen’s egg, and is said to weigh 900 carats, 

Graphite is well known as the substance of which black- 
Jead pencils are made, for which purpose it is almost exclu- 
sively obtained from Borrowdale, in Cumberland. It is of an 
iron-gray colour, metallic lustre, and soft and greasy to the 
touch, It always contains a small quantity of iron. 

Anthracite is nearly pure carbon; it is found in Wales, 
where it is known by the name of culm, and in Ireland as 
Kilkenny coal; it resembles coal bat does not burn so reudily. 
1 always contains hydrogen. 

Charcoal is too well known to require minute description, 
[tis obtained by burning wood with the imperfect access of 
air, or by heating or distilling it in iron cylinders, so con~ 
structed as to allow of the collection of the volatile products, 
among which are tar and pyroligneous acid, which is impure 
vinegar. Exclusive of its important use as a fuel, charcoal is 
possessed of some curious and valuable properties. It is a 
very bad conductor of heat, and hence powdered charcoal is 
used to surround tubes and vessels which are required to rex 
tain their heat. It is not injured by air and moisture, hence 
stakes und piles are superficially charred to preserve them. It 
is infusible: and provided air be carefully excluded it under- 
goes no change in the most intense heat. It absorbs air and 
moisture, also the colouring aud odoriferous parts of many 
animal and yegetable substances. Tainted flesh and putrid 
water are thas sweetened by the action of powdered charcoal, 
especially by animal charcoal, obtained by burning bone, or 
the clippings of hides, leather, &c. Coloured vegetable solu- 
tions filtered through this form of charcoal are materially 
discoloured by it. The charcoal produced by calcining bones 
contains 10 times its weight of phosphate of lime in a state 
of extreme division, and if this be dissolved out by an acid, 
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its discolouring power is grehtly diminished. According to 
Graham, one hondred parts of pipeclay, made into a thin 
paste with water, and well mixed with 20 parts of tar and 500: 
parts of finely pulverized coal afford, after the mass is well 
dried, and ignited out of contact of air, a charcoal very little 
inferior in quality to ivory black. The charcoal employed in 
the manufacture of gunpowder, is now always obtained by 
the distillation of woods which are fece from resin, such as 
beechwood, logwood, willow, &ce 

Coke is the carbonaceous residue of the distillation of pit~ 
coal; it has a porous texture, and frequently a metallic lustres 
it is well known to be exceedingly useful as a fuel, and when 
mixed with charcoal it gives a most intense heat, 

Lemp-black is principally prepared by the combustion of re~ 
fuse and residuary resin, left by the distillation of turpentine. 
It is burned in a furnace, so constracted that the dense smoke 
arising from it may pass into chambers hang with old sacking, 
where the soot is deposited, and from time to time swept off 
and sold without any further preparation, When heated red 
hot it may be regarded as a very pure form of charcoal, 

At a low temperature carbon is chemically indifferent to 
most bodies, but at a high temperature it probably surpasses 
all other substances in its affinity for oxygen. Itcombines 
with this element in two proportions, forming carbonic oxide 
(CO) and carbonic acid, (CO*) the latter of which must be de= 
scribed first. 

Carbonic acid, CO, Bq: 276. When a fragment of red hot 
charcoal is plunged into a jar of pure oxygen gas, it burns 
with splendour and changes the oxygen into a gas, which} when 
cool, is found not to have increased or diminished in volume: 
this gas is carbonic acid, We do not however resort to this 
method for procuring the gas for examination, but to the de~ 
composition of white marble by hydrochloric acid: White 
marble is a compound of carbonic acid and time; the acid 
scizes the latter and liberates the former in a gaseous form. 
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The arrangement of the apparatus may be the same as in 
Fig. 62, ws, thongh the gus cannot be retained over water 
without considerable loss, it may be collected over that fluid. 

Properties. Carbonic acid gas is colourless, considerably 
heavier than atmospheric air, and 22 times heavier than hy- 
drogen. 100 cubic inches weigh 47:25 grains. It cannot be 
taken into the lungs, as when an attempt is made to breathe 
it in w pure state, the epiglotis is spasmodically closed, and no 
air entering the lungs, suffocation is the direct consequence, 
It immediately extinguishes flame, even when considerably di- 
Juted with air: this is shown in an interesting manner by 
placing a lighted taper at the bottom of a tall jar, and pouring 
carbonic acid gas from a bottle upon it, in the manner of a 
liquid; the gas by its superior weight displaces the common 
air from the jar, and coming in contact with the flame ex- 
tinguishes it. In this manner carbonic acid may be poured 
from one jar to another several times. Another pleasing man- 
ner of showing the incapacity of this gas to maintain flame, 
is the following, Provide two jars of precisely the same di- 
ameter, one being open at both ends, but furnished with a 
stopper and the bottom being ground, the other may be a 
plain jar, with the top accurately ground, so that the first jar 
may rest upon it air-tight; fill the lower jar with carbonic 
acid gas, and the apper one with oxygen; slip a glass plate 
under the latter and slide it dexterously on the top of the jar 
containing carbonic acid; you now have « stratum of pure 
oxygen immediately over one of carbonic acid. Now take a 
taper with a large wick, and having lighted it, plunge it into 
the jar of oxygen, and when it is brilliantly burning thrust it 
into the jar of carbonic acids the flame will be extinguished ; 
before the last spark is expired, raise it again into the jar of 
oxygen, it will again burst into a flame; depress it, it will 
again be extinguished, and this may be repeated several times, 
When so far diluted with air as to admit of being taken into 
the lungs, it acts as n narcotic poison, and air containing not 
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more than two per cent of it, has becn known to produce 
alarming effects on the system, although a candle would not 
‘be extinguished in such an atmosphere. The circumstance, 
therefore, of a light not being extinguished when let down 
Into deep wells or pits, should not be taken as a proof that 
the air is wholesome, for it requires at least four per cent. of 
carbonic acid to extinguish flames, It may be useful to state 
that by mixing recently slaked lime with an equal weight of 
Glauber’s salt, a hydrate is formed, which, in a stratum of not 
more than an inch in thickness, intercepts carbonic acid most 
completely, and may rise in temperature to above 200° from 
the rapid absorption of the gas. It is quite possible to respire 
through a cushion of that thickness filled with this mixture, 
and thus armed, a person may venture into an atmosphere 
overcharged with carbonic acid with perfect safety —Graham. 
Lime, in this state of dryness, is more efficacious than when 
either quite dry or wet. When it is required to remove ear- 
bonic acid from a gaseous mixture, it may be done completely 
by lime-water, which, by the milky appearance which it asx- 
sumes, becomes a valuable test of the presence of this acid gas. 

Carbonic acid is the product of every ordinary combustion, 
and of the vinous fermentations: it is the cause of the agree- 
able pungency of fermented liquors. It is also thrown off 
from the lungs during respiration, as may be proved by breath- 
ing through a glass tube into lime water. According to Prout, 
the air of an ordinary respiration contains 3:45 per cent. of 
carbonic acid gas, and the proportion varies from 3°3 to 4:1 
per cent., being greatest at noon, and least during the night, 
It was explained in the last Lecture to what wise provision we 
owe the important fact, that numerous and extensive as are 
the sources of carbonic acid, it docs not xecumulate in the 
atmosphere, 

Carbonic acid gas is soluble in water; by simple agitation, 
that fluid, at common temperatures, takes up its own volume 
of the gas; under a pressure of two atmospheres, it takes up 





250 CARMONIC ACID. 


twice Its volume, and so on. A saturated solution is most 
conveniently made by using Nooth’s apparatus, Fig. G7. Mt 
‘consists of three vessels, a,c, d, 
Which fit air-tight into each other: 
in the bottom vessel the earbonic 
acid is generated by the action 
of mariatic acid on fragments of 
marble; the gus passes through 
the tube 4, furnished with a glass 
valve opening upwards into ¢, 
which contains the liquid to be 
saturated, and which may, when 
required, be drawn off by the glass 
stop-cock, e; the tube of the up- 
permost vessel dips into the liquid 
of the second, thereby occasion~ 
ing & pressure, and producing # 
circulation or agitation. This 
upper vessel is furnished with a 
heavy stopper, which acts os a 
valve—regulating the pressure, 
Water and other Tquids that 
have been thus saturated with 
carbonic acid under pressure, lose the greater part of the gas 
When the pressure is removed; hence the effervescence of 
ginger beer, cider, champagne, &c. Carbonic acid is present 
in all kinds of spring and rain water, to which they are, in a 
great measore, indebted for their pleasant flavour; when boiled, 
water is well-known to have an insipid taste; this is owing 
to the absence of carbonic acid. Carbonic acid has been pro- 
cured in aliquid, and even in a solid state; the experiment 
of its liquefaction was first made by Faraday; Thilorier, and 
Addams have subsequently repeated it on a large scale, by 
decomposing at once several pounds of bi-carbonate of soda; 
by an equivalent of sulphuric acid, in strong sheet-lron ves- 
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sels; they have obtained as much.as two or three pints of the 
liquid acid at atime, The iron vessels for this experiment 
require to be sufficiently strong to resist a bursting pressure 
of 60 atmospheres. The liquid when allowed to escape from 
the receiver becomes frozen by its own evaporation, in which 
state it has the appearance of flakes of snow. Its temperature 
cannot be more than —148, 

Jn the table of clements, 7644 is given, on the high au- 
thority of Berzelins, as the equivaleut of carbon ; a series of 
experiments has, however, recently been undertaken by M. M. 
Dumas and Stass, the result of which shows that this number 
is too high, and that the number should be altered to 75, ‘The 
paper communicated by these Chemists to the Académie Roy- 
ale des Sciences, is translated in the 15th number of the 
* Chemist 3" it well deserves attentive perusal, and may be 
taken as a model of scientific accuracy. To show the per- 
fection to which they brought their apparatus, the following is 
extracted as the result of the combustion of the diamond. 

“The first time that we burned the diamond, we had it 
weighed by a person who was a stranger to our experiments; 
we remaining ignorant of its weight. We acted on pieces of 
diamond, as much to try the apparatus as to make a precise 
experiment, The combustion finished, we found, 2598 of 
carbonic acid, and we concluded that the diamond burnt 
weighed 708 milligrammes, At this declaration, the person 
who weighed the diamonds was much surprised ; she had put 
717 milligrammes into the tray. We told her that she would 
find nine milligrammes residue in the tray, and it actually did 
contain nine milligrammes of pieces of Brazilian topaz. 

In weighing the diamond, and the carbonic acid resulting 
from it, with all the skill and precaution that ingenuity could 
devise; they found the oxygen and carbon to combine in the 
proportion of 8: 3 

80: 30 
800: 300 
8000 : 3000 





252 0 EXPRRIMENTS OF LIEMIG AND REDTENBACIRR. 


‘This gives 75 as the real equivalent of carbon. Itis in the 
construction of correct formula to represent the constitution 
of organic compounds, that the importance of having the equi~ 
valent of this element correctly assigned is felt, and should 
Chemists decide on adopting the new value of Dumas and 
‘Stass, the formula for a vast number of organic compounds 
must undergo revision. 

Professors Liebig and Redtenbacher have also recently been 
engaged in investigations, the object of which was the deter- 
mination of the true atomic weight of carbon, Instead of 
burning a known quantity of pure carbon, and ascertaining 
the quantity of carbonic acid formed, they preferred the less 
complicated method of determining the atomic weights of 
many organic compounds, namely, numerous organic acids, as 
the acetic, tartaric, racemic, and malic, &c., by causing them 
to combine with silver. 

It would be foreign to the popular character of this work to 
enter into a detail of these admirable analyses, The advanced 
student will find « translation of their paper in the 128rd 
number of the London and Edinburgh Philosophical Magazine, 
or inthe Ist number of the Memoirs of the Chemical Society. 

The mean results of the investigation gave 75°8 as the 
atomic weight of carbon. In this uncertain state of the ques- 
tion, it will be better perhaps, at present, to assume 75° as 
the atomic weight of this important element. 

Carbonates. The salts formed by carbonic acid are ex- 
ccedingly well marked, though from its feeble acid properties, 
it is unable to neutralize completely the alkaline properties of 
potash and soda; all the carbonates, without any exception, 
are decomposed by hydrochloric and the stronger acids, when 
carbonic acid is displaced and escapes in the form of gas. 
‘They are all, with the exception of the carbonates of potash, 
soda, and lithia deprived of their acid by heat, and most of 
them are of sparing solubility in pure water. 
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Carbonate of potash KO, CO, ; 8663. This highly useful 
sult is obtained by the incincration of plants. Plants derive 
it from the soil. All fertile soils contain alumina as an in- 
variuble constituent, yet this earth is rarely found in the ashes 
of plants, thongh silica is always present, having in most 
places entered the plants by means of alkalies, 

‘The influence of alumina on plants, depends on its inva- 
riably containing potash and soda. Amongst aluminous mine- 
tals, felspar contains 17} per cent. of potash; albite, 11-43 
per cent. of soda; mica, 3-5 per cent; and zeolite, 13-16 per 
cent. of both alkalies taken together. Basalt contains from 
} to 3 per cent. of potash, and from 5-7 per cent. of soda; 
clayslate, from 2-75—3:31 per cent. of potash; and loam, 
from 14 to 4 per cent. 

When we thus take into consideration the immense distri- 
bation of potash over the surface of the earth in combination 
with clays ; there is no necessity, as Licbig observes, for sup- 
posing, as many physiologists have done, that the presence of 
this alkali in plants is due to'a peculiar organic process, from 
the component parts of the atmosphere. A thonsandth part 
of loam, mixed with the quart in new red sandstone, or 
with the lime in the different limestone formations, affords as 
much potash to a soil only 20 inches deep as is sufficient to 
supply a forest of pines growing upon it foracentury. A 
single cubic foot of felspar is sufficient to supply a wood 
covering a surface of 40,000 square feet with the potash re- 
quired for five years. The temporary diminution of the fer- 
tility of soils is owing to the exhaustion of the alkalics, and 
not as is generally supposed to the loss of Aumus. On the 
sandstone and limestone of the Carpathian mountains and the 
Jura, only trees of the fir tribe grow ; while on soils of gneiss, 
mica-slate, and granite, clink-stone, basalt, and clay-slate on 
the Rhone and Rhine, the finest forest trees are met with; 
now fir-trees require very little alkali; one thousand parts of 

2 
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the dry leaves of the pine give only 29 parts of ashes, of which 
only 4°6 parts are soluble salts; but 1000 parts of oak leaves 
yield 55 parts of ashes, of which 24 parts consist of alkalies 
soluble in water. 

‘The quantity of silicate of potash removed from a meadow 
in the form of hay, is very considerable ; an instance is men- 
tioned by Liebig, of a haystack, in a field between Manheim 
and Heidelberg, having been struck by lightning, und nothing 
was found but a vitreous mass, which proved to be silicate of 
potash. 

Thus then we see the source of potash in the ashes of plants; 
shrubs, when burnt, are found to yield three, aud herbs five 
times as much saline matter as trees, and the branches are 
more productive than the tranks. The quantity of ashes 
rarely exceeds one per cent., of which 1-6th may be saline 
matter, soluble in water; this is evaporated to dryness, and 
the carbonate obtained is known by the name of pofash, and 
when partially purified and ignited as pearlash. ‘The process 
is carried on on an extensive scale in Russia and America, 
‘This carbonate of potash is not however pure, since it contains 
sulphate of potassa and chloride of potassium ; it is readily 
however obtained so by igniting cream of tartar (bi-tartrate of 
potash) to redness: the tartaric acid is decomposed, and a 
pure corbonate of potassa mixed with charcoal remains. A 
still better plan is to burn together two parts of cream of 
tartar and one of nitre; in which operation the carbon and 
hydrogen of the tartaric acid* are destroyed by the oxygen of 
the nitric, and carbonate of potash, mixed with charcoal, re- 
mainse Pure carbonate of potash has a taste strongly alkaline 
and slightly caustic, and Communicates a green tint to the 
bine colour of the violet. It dissolves in less than an equal 
weight of water at 60°, deliquesces rapidly on exposure to the 
air, and crystallizes from its solution with great difficulty, In 


* The formula for tartaric acid is Ct H O°. 
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pure alcohol it is insoluble. It fuses at a full red heat, but 
undergoes no other change. 

Bi-carbonate of potash, WO,CO,+KO,CO,; 1255°3. 
This salt is prepared by passing a stream of carbonic acid 
through a cold saturated solution of the neutral carbonate. It 
is sometimes made by the action of carbonate of ammonia or 
carbonate of potassa, but this process is expensive. On the 
large scale, 100 Ibs. of purified carbonate of potash are dis- 
solved in 17 gallons ‘of water, which, when saturated with 
carbonic acid, yield from 35 to 40 bs. of crystallized bi-car~ 
honate: 50lbs. of carbonate of potash are then added, with a 
sufficient quantity of water to make up 17 gallons, and the 
operation repeated. The purified carbonate of potash of the 
shops should be perfectly soluble in twice its weight of cold 
water; it often contains wilica, sulphate of potassa, chloride of 
potassium, and carbonate of lime. To detect these, dissolve 
100 grains in excess of nitric acid, diluted with eight parts of 
water. The silica, if any be present, remains undissolved, or 
may be rendered insoluble by evaporation: separate the so- 
lution into three equal parts; to the first, add nitrate of ba- 
ryta, which causes # precipitate of sulphate: collect, wash, 
and dry it: 100 parts are equivalent to 74 of sulphate of 
potash; to the second, add nitrate of silver; 100 gratas of the 
precipitate washed, and dried at a dull red-heat, are equivalent 
© 52 of chloride of potassium; to the third, add oxalate of 
ammonia, and dry the edulcorated precipitate at a heat of 
300°; 100 parts are equal to 77 of carbonate of lime.—Brande. 

Caustic potash is made by boiling one part of the carbonate 
dissolved in 10 parts of water, with one part of finely pow- 
dered slaked lime; carbonate of lime in minute crystals of 
arragonite is deposited, and, when no effervescence takes place 
on testing the clear supernatant liquid with muriatic acid, the 
carbonate of potash has been entirely decomposed, and tho 
caustic potash may be drawn off by a siphon, and allowed to 


cool, carcfully protected from the air. It is a singular fact, 
Rn? 
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that if carbonate of potash be dissolved in less than six parts 
of water, it is not decomposed by lime: on the contrary, when 
a strong solution of caustic potash is boiled with carbonate of 
lime, carbonate of potash is produced and lime set free. 

‘The fused potash of the shops, is the solution of caustic 
potash, evaporated to dryness in iron basins; its colour is a 
proof of its impurity. It should be of a pure white, in which 
state it is only to be obtained by dissolving in absolute alcohol, 
and evaporating in a clean silver basin, It is a hydrate, or a 
compound of one atom of potash, (oxide of kalium or po- 
tassium,) and one atom of water; and its formula therefore is 
KO, HO. Its uses in Chemistry are far too numerous to 
mention ; from its being the strongest base, it is employed in 
almost all cases of saline decomposition, and its various com- 
pounds are of great importance in the chemical arts. 

Potassium. \n our introductory Lecture it was stated, that 
this singular metallic body was discovered in 1807, by Sir H. 
Davy, by electrifying a stick of caustic potash slightly moisten- 
ed, by means of « powerful galvanic battery. It was first 
obtained by chemical means by M. M. Gay Lussac and The- 
nard; but it is by the process of Brunner that the metal is 
now almost universally obtained. It will not be worth while 
to describe this process, potassium being only prepared in the 
most extensive and best appointed laboratories; it will suffice 
to state here, that the deoxidation of potash is effected by 
raising it to an intense white heat in contact with iron or 
charcoal. 

Potassium at common temperatures, is a soft metallic body; 
at 32° it is quite brittle and crystallizes in cubes; at 70° it is 
pasty, and at 150° perfectly liquid. At adull red heat it boils, 
forming a green vapour. It is lighter than water, in contact 

© By employing the little apparatus shown in Fig. 65, and substituting « small 
‘plane Funnel for the inner tube, ¢, af the decomposing cell, the lower opening of which 
‘was stopt with stucco, and pouring into it» weok solution of chloride of yotasstun bi 


contact with mercury placed n a little glass tube, Dr. Birt muececded in obtantng an 
‘osnalgain of potassium. 
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with which it burns with a beautiful purple flame, ‘so great is 
its affinity for oxygen: when heated in air it also burns, leaving 
crust of pure potash. In consequence of the great avidity 
with which it combines with oxygen, it must be kept in a li- 
quid which contains none of that principle, in rectified naptha 
for instance. It is of great use in chemical analyses for ab- 
stracting oxygen, and in the preparation of boron and silicon. 

Carbonate of Soda, NaO,CO,+10 HO; 667341125, The 
source of this alkali is the ashes of sea-weed. It is known in 
commerce as barilla, which is the scmi-fused ash of the salsuse 
soda, a plant cultivated largely on the Mediterranean shore of 
Spain, in the vicinity of Alicunt; und as kelp, which is an im- 
pure and inferior kind, prepared from sea-weeds, on the 
northern shores of Scotland. A much purer curbonate of so- 
da than cither of these, is very extensively prepared by heat- 
ing a mixture of sulphate of soda, sawdust, and lime, in a 
reverberatory furnace, the sulphuric acid undergoes decompo- 
sition, and furnishing oxygen to the carbonaceous matter, gives 
rise to carbonic acid, which unites with the soda; but a small 
portion of sulphuric acid still remains united to the alkali, 
from which it is difficult to free it. 

Bicarbonate of soda; HO,CO,+Na0, CO,; 1056, is made 
by the same processes as the bicarbonate of potassa. Itre- 
quires 13 times its weight of cold water to dissolve it; and 
contains, when pure, 37 per cent.’ of alknli, though the salt of 
commerce generally contains upwards of 40 per cent, owlag 
to the presence of neutral carbonate in the state of proto- 
hydrate. 

It is frequently an object of considerable importance in 
commerce. To ascertain the value of different samples of 
potash and soda; this is conveniently done by means of the 
little instrument called an alkalimeter. The following direc- 
tions for making these tubes are given by Faraday. “Into a 
tube, sealed at one end, 94 inches long, § of an inch in di- 


* Soe Chomioal Manipulation, page 202. 
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ameter, and as cylindrical as possible in its whole length, pour 
1000 grains of water, and with « file or diamond mark the 
pluce where its surface reaches, and divide the space occupied 
by the water into 100 equal parts; opposite to the numbers 
23-44, 48-06, 54-63, and 65, draw a line, and at the first, write 
soda; at the second, potussa; at the third, carbonate of sodas 
and at the fourth, carbonate of potassa. Then prepare a 
dilute acid, having the specific gravity of 1-127 at 60°, which 
may be made by mixing one measure of concentrated sul- 
phurie acid, with four measures of distilled water. 

‘This is the standard acid, to be used in all the experiments, 
being of such strength that when poured into the tube till it 
reaches either of the four marks just mentioned, we shall ob- 
tain the exact quantity which is necessary for neutralizing 100 
grains of the alkali written opposite to it. If when the acid 
reaches the word carb: potassa, and when consequently we 
have the exact quantity which will neutralize 100 grains of 
that carbonate, pure water be added until it reaches 1, or the 
beginning of the scale; ench division of this scale will neu- 
tralize one grain of carbonate of potash. All that is now re- 
quired, in order to ascertain the real quantity of carbonate in 
any specimen of pearlash, is to dissolve 100 grains of the 
sample in warm water; filter to remove all the insoluble parts, 
and add the dilute acid in successive quantities, until by the 
test of litmus paper® the solution is exactly neutralized.” 

Methods of distinguishing between potash and soda, and 
of quantitatively estimating each, will be given in a future 
Lecture, 

Sodium. The discovery of this metal was made in the 
same manner and immediately subsequent to that of potassium, 
by Sir H. Davy; and itis now prepared in exactly the same 

* Litmus text paper is beat prepared by dipping good letter-pager several times in 
a filtered infusion of litmus, and drying it after each immersion, till the paper is of 


deop purple colour. 
+ Alkalimeters, correctly graduated aod marked, snay be obtained at Messrs. 


Knight's, Forterslane, Cheapside, London. 
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manner as that metal, Its preparation is not however so dit 
ficult, as its reduction does not require so high a temperature. 
It is lighter than water, on which it floats. It decomposes 
that fluid, but the action is not so energetic as with potassium : 
the. gas does not take fire spontancously. 

Carbonic oxide, CO; Eq: 176. This gas which was dis- 
covered by Priestley may be formed by heating in an iron re- 
tort, a mixture of chalk and charcoal, or of equal weights of 
chalk, and iron or zine filings, equal parts of carbonate of ba- 
ryta and clean iron filings may also be employeds but the 
most convenient process is by gently heating oxalic acid or 
binoxalate of potassa, with five or six times its weight of sul- 
phuric acid. The charcoal, iron, or zine deprive the carbonic 
acid of the carbonates of lime and buryta of one half of its 
oxygen, and in the Inst mentioned process, the decomposi- 
tion of the oxalic acid (C0) or rather CO-+CO,) is occasioned 
by the powerful affinity which sulphuric acid possesses for 
water, and by the fact that oxalic acid cannot exist unless 
in combination with water or some other base: when binox- 
alate of potassa is employed, the sulphuric acid combines 
with both the water and the potassa, and the oxalic acid 
being set free is instantly decomposed, being resolved into 
equal measures of carbonic acid (CO,) and carbonic oxide, 
(CO) the former of which may be separated by agitation with 
lime water, 

Carbonic oxide is a colourless and tasteless gas. It is in~ 
flammable, burning with a blue flame, and produ 
combustion earbonie acid. Tt cannot be breathed 
punity, as it acts injuriously on the system, even when much 
diluted with air. 100 cubic inches weigh 30207 grains. To 
gain a practical knowledge of its constitution, the student may 
introduce into the syphon eudiometer, Fig. 49, 100 measures, 
mixed with rather more than 50 measures of pure oxygen ; on 
passing the electric spark and inflaming the mixture, he will 
find that the 150 volumes will become diminished to rather 
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more than 100 volumes which will prove to be carbonic acid. 

Oralic acid which may be considered as a definite compound 
of carbon and oxygen, may be obtained by introducing into 
a retort, four ounces of nitric ncid diluted with two of water, 
and one ounce of white sugar; nitric oxide is copiously evol- 
ved, and when the sugur is dissolved, about one-third of the 
acid may be distilled over. The contents of the retort are 
then emptied into a shallow vessel, and, in the course of two 
or three days, an abundant crop of white crystals is deposited; 
and upon farther evaporation an additional portion is obtained. 
The whole is then re-dissolved and re-crystallized, and pure 
oxalic acid amounts to ubout half of the weight of the sugar 
employed, is obtained. Tn this reaction, changes of a very 
complicated nature ensue, as oxalic acid does not contain any 
hydrogen, and has a smaller proportional quantity of carbon 
than sugar;* there can be no doubt that the production of 
this acid essentially depends upon the sugar being deprived of 
all its hydrogen and a portion of its carbon, by oxygen, de~ 
rived from the nitric acid. Oxulic acid is well known to be a 
powerful and. rapidly fatal poison, and it is also known that 
accidents have frequently occurred from its being sold and 
taken for Epsom salts, (sulphate of magnesia) to which its 
crystals bear considerable resemblance. ‘The strong acidity 
however of oxalic acid, which may be tasted without danger, 
is sufficient to distinguish it from Epsom salts, the taste of 
which is saline and bitter and quite neatral. When a dose of 
this poison is unfortunately received into the stomach, chalk 
with water should be immediately administered ; an insoluble 
and consequently innocuous oxalate of lime is immediately 
formed; magnesia may also be used, and when cither of these 
substances cannot immediately be procured, large draughts of 
soup and water will be found very efficacious. 


* The formula for oxalio noid is CzQ,5 that for sugar, C¥ 1 Om, 
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CarBonx with NITROGEN. Bicarburet of nitrogen, or cy- 
anogen, NC,. This compound, at ordinary pressures, is 4 gas, 
aud was first obtained by Gay Lussac, in 1815. ‘To obtain it, 
bicyanuret of mercury* is heated in a small glass tube and the 
gus collected over mercury; a black coaly mass remains in 

* This salt in prepared by boiling finely powdered, pare, and dry Prussian blac, 
‘sith an equal weight of red amide of mercury in powder ; the blue colour of the yig- 
ment disappears and a colourless solution is obtained, which when filtered and oon- 
‘ceutrated yields bicyanuret of mercury in quadrangular prismatic crystals. 
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the tabe, which has been shown by Professor Johnston to 
consist of the same ingredients as the gus itsclf, Cyanogen 
is colourless, and has a strong and very peculiar odour; it is 
easily liquefied, requiring only a pressure of 3:6 atmospheres 
ut 45° It burns with a beautiful purple flame, but extine 
guishes burning bodies. It can support a strong heat without 
decomposition. Water at 60°, absorbs 4°5 times, and aleohol 
23 times its volume of it. The solution in water undergoes 
spontaneous decomposition. It derives its name from two 
Greck words, xuavog, bluc, and yevydm, | gencrate, because it 
is an essential ingredient of Prussian blue. Cyanogen unites 
with all the metals, forming a class of salts called cyanides. 
It combines also with hydrogen, forming that well-known 
powerful poison, hydrocyunic, or prussic acid. 

Hydrocyanic acid; H+NC, was discovered by Scheele, in 
1782. ‘The method of preparing it recommended by Vauquelin, 
consists in filling a narrow tube, placed horizontally, with 
fragments of bicyanuret of mercury, and causing a current of 
dry sulphuretted hydrogen to pass over it very slowly. The 
instant that gas comes into contact with the cyanurct, double 
decomposition ensues, and hydrocyanic acid and bisulpharet 
of mercury are generated. When pure, this acid is a limpid 
and colourless fluid of a strong odour, similar to that of peach 
blossoms ; it is exceedingly volatile and poisonous in a most 
astonishing degree; one drop of it placed on the tongue of a 
dog, causes its death in very few seconds. Ita very prepara- 
tion is exceedingly injurious if great care be not taken to have 
the apartment well ventilated. Notwithstanding its violently 
poisonous properties it is used in medicine, and fatal acci- 
dents have occasionally occurred, from its not being generally 
known, that owing to its undergoing spontaneous decomposi- 
tion its strength gradually becomes impaired. In consequence 
of this continual diminution in strength, persons who are ac- 
customed to take it are apt to increase the quantity as the 
acid becomes older, and anpuld they, on obtaining a quantity 
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recently prepared, neglect to diminish the dose accordingly, a 
fatal effect would very probably result. An instance of this 
has fallen under the writer’s own observation. The acid can- 
not be preserved in a concentrated form more than two weeks. 
In cases of poisoning by prassic acid, should death not be 
instantaneoys, recourse may be had to diffusible stimulants, 
such as ammonia. An aqueous solution of chlorine may be 
used as ati antidote, as it decomposes the acid instantly with 
the formation of hydrochloric acid. 

‘The presence of free hydrocyanic acid is easily recognized 
by its odour. A very delicate test is the following. ‘To the 
liquid supposed to contain prassic acid, add a solution of green 
vitriol; throw down the protoxide of iron by a slight excess 
of pure potassa, and acidulate with hydrochloric or sulphuric 
acid, so as to redissolve the precipitate; Prussian blue will 
then make its appenrance, if hydrocyanic acid had been ori- 
ginally present. 

In criminal cases, the stomach or other substances to be 
examined, are cut into fragments and introduced into a retort, 
with water slightly acidulated with sulphuric acid. ‘The distil 
lation is then conducted by the heat of boiling water, and 
the volatile products collected in a receiver surrounded with 
jee. The presence of hydrocyanie acid in the distilled mattér 
is tested by the method above described, 

Cyanogen forms numerous combinations in organic Che- 
mistry, for an account of which, the student must be referred 
to more extended chemical treatises. 1 shall only introduce 
one other compound, which from its important practical use 
could not be omitted, namely, Prussian blue. The chemical 
name of this celebrated pigment is, sesquiferrocyanide of iron, 
and its composition is rather complicated, being represented 
by the formula, Fe,, (8 Cy, Fe) or 4 equiv: of iron, and 3 
equiv: of ferrocyanogen. It was accidentally discovered in 
the year 1710, by Diesbach, a colour-maker at Berlin. Several 
methods are resorted to for preparing Prussian blue, each 
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manufacturer probably thinking his own the best. We have, 
however, the high authority of Liebig, for recommending the 
following process for its preparation in quantity. Six parts of 
green vitriol and six parts of yellow prussiate of potash are 
to be dissolved, ench separately, in 15 parts of water; the so- 
Intions mixed, and an addition then made to them of one part 
of oil of vitriol and twenty-four parts of strong hydrochloric 
acid; after some hours, a clear solution of one part of chloride 
of lime in cighty parts of water is gradually added, by small 
portions, observing the precaution to stop as soon as an effer- 
vescence is observed, from the disengagement of chlorine. 
After being allowed to subside for several hours, the precipi- 
tate is washed and dried at the usual temperature, or by arti- 
ficial heat. It is said, that the finest colour is obtained by 
heating the precipitate with dilute nitric acid, till it acquires a 
deep blue colour, instead of oxidizing by chlorine. Another 
method of preparing Prussian blue is, to add ferrocyanuret of 
potassium, (prussiate of potash of the shops) to a solution of 
sulphate of peroxide of iron,* both being largely diluted, and 
the latter in excess. ‘The blue precipitate must be repeatedly 
washed, first with water acidulated with sulphuric acid, and 
then with cold water. It is thus obtained in small lumps of 
an intensely blue colour, with a copper-red shine on its sur- 
face. 

‘The properties of this substance arc too well-known to re~ 
quire much description, It is tasteless and not poisonoms; al- 
kalies decompose it,—a circumstance which renders it of little 
value in dyeing, as itis injured by washing with soup, In its 
preparation, care must he taken to avoid an excess of the 
ferrocyanuret of potassium, as the precipitate is apt to carry 
down a portion of thut salt, 


© This mit is prepared by mixing with a solution of pure greea vitriol, exactly all 
‘us much sulphurio acid as that saltcontains, and adding to the mixtare,in boiling sate, 
successive portions of nitric mela till fumes cease. It is then ¢saporatel to deyweas to 
expel the excess of witri¢ acid, and the persalphate of {ron resnalns wx s white salt. 
3 
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Sulptur. S.¥q: 201, This is another clement which is 
very extensively diffused through nature, It is found in com~ 
ination with many of the metals, as iron, lead, copper, zine, 
&c., constituting some of the most important ores, and from 
the bisulphuret of iron, or iron pyrites, a considerable quan~ 
tity of the sulphur, met with in commerce, is derived. Sul- 
phur is also exhaled in Jarge quantities from volcanoes, both 
in its pure state and in combination with hydrogen, and be- 
coming deposited in fissures, it forms those immense sulphur 
beds which occur in Sicily in a blue clay formation, oceupying 
the central half of the south coast of the island. The supply 
of sulphur, derived almost exclusively from Sicily, is enormous: 
the average annual importation into England, is between six- 
teen and seventeen thousand tons, at from £6, to £10. per 
ton—Brande. Sulphur exists also in combination with oxy- 
gen and various metallic oxides, forming native sulphates, the 
most abundant of which are those of lime and gypsum. In 
the organic kingdom it is found invariably associated in mi-~ 
nute quantity with aldwmen; it is found in the hair, horns, 
and hoofs of animals, and in the black mustard seed it exists 
in considerable quantity. 

Properties. We meet with sulphur in commerce ander two 
forms; that of roll and flowers: The first is merely the rough 
native sulphur, cast in eylindrical moulds; the latter, the pu- 
tity of which is more to be depended upon, is obtained by 
sublimation, and though apparently a powder, impalpable and 
soft, consists in reality of minute right, rhombic octohedron: 
crystals. Sulphur, destitute of all crystalline structure, is ob- 
tained by precipitating it from its solution, on decomposing 
the persulphuret of potassium (KS,) for instance, by muriatic 
acid, it is then a milk-white powder, and is known in phar- 
miucy as sulpher precipitatum, 

When sulphur is heated it exhibits some singular phoenome- 
na; at about 226° it melts into an amber-coloured liquid; at 
400° it becomes dark brown, opaque and viscid; and at GO1° 





SULPHUR 207 


it boils, and becomes as thin and limpid as when it first began 
to melt; when at the temperature of about 300°, if poured 
into warm water, it acquires the consistency of soft wax, and 
hardens on cooling. In this state it is sometimes used for 
taking impressions of gems and medals. If two or three 
pounds of sulphur be fused in # stone-ware crucible, aud al- 
lowed to coo! till it begins to solidify, on breaking the exterior 
crust and pouring out the internal liquid, the interior will be 
found lined with crystals. 

Sulphur is insoluble in water or alcohol. It combines rea- 
dily with most metals; some of them, as copper and silver, in 
very thin plates, burning in its vapour, as iron does in oxygea. 
‘The following experiment illustrates this in an interesting 
manner. Fuse some sulphur in a flask, Fig. 68, and when its 
vapour fills the whole vessel, introduce a slip of rolled copper; 
the metal will instantly become red hot, Fig. 68, 
enter into fasion, and combining with the 
copper, form a dark coloured crystalline 
brittle substance, sulphuret of copper; or, 
heat a small bar of iron in a blacksmith’s 
forge, Ull it scintillates; have ready a roll 
of sulphur, and touch with it the end of 
the heated bar; the iron and the sulphur 
will enter into combination, and the sul- 
phuret of iron will drop to the ground in a 
liquid state, 

In many respects, sulphur is considered by chemists, to bear 
considerable analogy to oxygen. Thus, heat and light are dis- 
engaged when it combines with simple substances, and they 
both combine with the same bodies, according to the same 
proportions, and generate completely parallel classes of acids, 
bases, and salts. Some highly oxidized bodies, when heated, 
aive off oxygen, peroxide of manganese for instance; so too, py- 
rites, a combination of sulphur and iron, when heated, gives off 
sulphur; and a combination containing less sulphur remains. 
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Sulphor combines with oxygen in four proportions, forming 
~ SO, Eq: 40b17 
~ S80, Eq: 60L17 
Hypo-sulpburous acid..... S,O, Eq: 60234 
Hypo-sulphuric acid....... 8,0, Eq: 90234 
Sulphurous acid, SO, To form this compound, which at 
ordinary temperatures and pressure exists in a gaseous form, 
sulphur may be burnt in pure oxygen; or, sulphuric acid de- 
composed by u metal not very readily oxidized, ns mercury or 
copper, In the first case, the sulphurous acid gas produced, 
is exuctly equal to that of the oxygen consumed, and in the 
latter the metal becomes oxidized at the expense of part of 
the oxygen of the sulphuric acid; charcoal may likewise be 
employed to deoxidize the sulphuric acid, though the sulphu- 
rous acid is then mixed with a large quantity of carbonic acid. 
Another method is to heat three parts of flowers of sulphur 
with four of peroxide of manganese; in which case, one part 
of the sulphur unites with the metal, aod another with the 
oxygen, giving rize to sulphoret of manganese and sulphurous 
acid. 
This gas must be collected and examined over mercury, 
since water dissolves about 37 times its volume of it whilst 
in the receiver it is transparent and colourless, but on allow= 
ing it to escape into the atmosphere it is condensed by the 
aqueous vapour, which causes a clondy appearance, resembling 
steam. It possesses bleaching properties but not of a per= 
manent nature, as, by degrees, it becomes converted into 
sulphuric acid by absorbing oxygen. Its decolourizing power 
is strikingly shown by exposing a rose to the fumes of burn- 
ing sulphur, it becomes completely white; but on immersing 
the flower into dilute sulphuric acid, the colour is restored. 
Sulphurous acid gus extinguishes all burning bodies; a hand- 
fal of sulphur deopt into # burning chimney, is one of the 
most effectual means of extinguishing it. The gas cannot 
itself be burned, and is instantly fatal to animal life. Its so- 
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lution in water may be conveniently effected by the arrange- 
ment shown in Fig. GD. fnto the matrass or flask a, a quan- 
tity of well burned charcoal, in bits about the size of # hazel 
put is introduced, and Fig. 69. 

sulphuric acid poured on 
through the funnel, till 
the vessel is about half 
fulls heat is applied, and 
the sulphurous acid gas 
passes into the bottle, 6, 
containing about anounce 
of water, which frees it 
from any sulphuric acid 
which it might have car- 
ried over, and the puri- 
fied gas then passes into the second receiver, c, containing the 
water to be impregnated. In this manner the alkaline sul- 
phites are formed, and for this purpose the presence of car- 
bonic acid, which, as has been remarked, is always present 
when sulphurous acid is prepared from charcoal, is quite im- 
material. 

Sulpburous acid gas assumes the liquid form under a pres- 
sure not exceeding that of two atmospheres, or at a degree of 
cold produced by a mixture of pounded ice and salt. Asa 
liquid, it is heavier than water; boils at 14°, and produces 
by its evaporation a very intense cold. It may be liquefied by 
its own pressure by introducing mereury and oil of vitriol into 
a strong tube, ay shown in Fig. 70. On applying heat to the 








end, a, containing the ma- Fig. 70. 

terials, and cooling the other 

scaled extremity by means ——— 
of ether, the liquefied gus * sb 
collects at 6. 


Sulphuric acid; SO, This highly important compound, the 
re-agent most frequently resorted to by the Chemist, has been 
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known ever since the end of the fifteenth century, It is never 
formed by the direct union of sulphur and oxygen, although 
on the large scale, it is most extensively prepared by burning 
sulphur in contact with vapour of water and fumes of nitrous 
acid. Now if dry sulphurous acid and nitrous acid be mixed 
together, no change whatever occurs; but when water is pre- 
sent, they combine and form a white crystalline solid; the 
composition of which, according to Gaultier de Claubry, is five 
equivalents of sulphuric acid, two of nitrous acid, and one of 
water. 

‘This crystalline solid is decomposed with effervescence by a 
larger quantity of water, a hydrate of sulphuric acid remain- 
ing behind, and the nitrous acid is resolved into peroxide of 
nitrogen and nitric oxide. ‘The nitric oxide generates a new 
quantity of red fumes by combining with the oxygen of the 
atmosphere, and oxidizes a new quantity of sulphurous acid, 
and thus sulphurie acid continues to be formed as long as 
sulphurous acid gas and watery vapour are met with. Such 
is the nature of this very singular process, in which it will be 
remarked, that the nitric oxide acts as. a medium of transference, 
by means of which, the oxygen of the atmosphere is enabled 
thoroughly to oxidize the sulphur. In order that the student 
should fully understand the nature of the reactions, he is 
strongly advised to make the experiment, which is exceedingly 
interesting” and instructive, and at the same time casily per- 
formed. Into the mouth of the large bottle, a, Fig. 71, fit a 
good sound cork, in which four 
holes are bored; into the flask 
4, put 400 grains of mercury 
aud G00 grains of sulphuric acid, 
and into the flask ¢, 80 or 90 
grains of sugar; connect the 
flask 2 first with the bottle a, 
and heat it till sulphurous acid 
begins to come over; then pour 
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over the sugar 300 grains of nitric acid diluted with an equal 
bulk of water; on beating the mixture, the sugar will take 
oxygen from the nitric acid, and nitrous fames will conse- 
quently be formed and pass into the bottle @; the sulphurous 
and nitrous acids being thus brought into contact, will specdily 
give rise to the formation of beautiful dendritical crystals, 
which will gradually cover the interior of the bottle a, like 
hour frost; and that this may proceed without interruption, 
the vessel may be filled with fresh atmospheric air by blowing 
through one of the tubes, d, e, while the residual gases are 
expelled through the other. When a sufficient quantity of the 
crystalline compound is formed, remove the flasks and pour a 
little water into the bottle; brisk effervescence will take place, 
the crystals will immediately disappear, and the vessel will be 
filled with ruddy-coloured fumes,—sulphuric acid, in combina~ 
tion with water, tinged blue by its impregnation with nitrous 
acid having been formed. In this experiment it is unnecessary 
to put any water into the bottle a, at the commencement of 
the process, sufficient being carried ayer from the diluted nitric 
acid to determine the crystalline formation. 

In the manufacture of sulphuric acid on the large seale, the 
sulphurous and nitric acid vapours arc simultaneously admit- 
ted into capacious chambers of shect lead: the sulphurous 
acid is produced by the combustion (of sulphur in a furnace, 
and the nitric acid vapour in the same furnace, by supporting 
over the burning sulphur an iron capsule, containing nitrate 
of soda and sulphuric acid ; steam is admitted near the same 
point, and mixing with the acid vapours, the crystalline solid 
is formed and instantly dissolved by the water in the leaden 
chamber, prodacing sulphuric acid, Did it not happen that a 
certain portion of nitric acid is retained by the sulphuric acid, 
the same quantity of nitric oxide might conyert an infinite 
quantity of sulphurous into sulphuric acid; as it is, it becomes 
necessary to supply its loss by a continued current of nitrous 
acid fumes. The water in the chambers is allowed to remain 
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unchanged until it has attained a specific gravity of about 1-600; 
it ix then removed by leaden pipes, und concentrated by eva 
poration in leaden cisterns, until its specific gravity is increased 
to about 1-76. When of this strength, it begins to act upon 
the lead, and must be transferred to vessels of glass, or, still 
better, of platinum, in which the concentration may be finished. 
In the strongest form in which it can be so obtained, its spe- 
cific gravity is 1-847, and it contains 81°54 of real acid in 100, 
—Kane. WU the specific gravity of a sample of acid be higher 
than this, we may be certain that it is impure. Nearly all the 
nil of vitriol of commerce, contains sulphate of lead dissolved, 
the presence of which is easily detected by diluting a portion 
with water; it will become turbid if any of the salt of lead is 
contained in it. The simplest mode of judging of the purity 
of the acid is, to introduce a given weight into a platina eap- 
sule, anc evaporate it; if it leaves more than one per cent, of 
solid residue, it has probably been intentionally sophisticated. 
—Brande. Oil of vitriol often holds sulphate of potassa in 
solution, 25 per cent of which increases the specific gravity 
of the concentrated acid to 1-860; hence, where accuracy is 
required, its value must be determined by its saturating power. 
Por this purpose a given weight is diluted with six or eight 
parts of water, and pure dry carbonate of soda added until the 
solution is exactly neutral, Every 54 parts of such carbonate 
of soda required for this purpose, are equivalent to 40 parts of 
the anhydrous acid, or to 49 of oil of vitriol, sp: gr: 1-84. 

A very beautiful method of converting sulphurous into sul- 
phuric acid is, to mix the former with an excess of air, and by 
a blowing apparatus passing it through a tube filled with pla- 
tinum sponge, or balls of fine platina wire, The vapours of 

* According to Orfila, Vogel, 0. all the wulphario acid, prepared in leaden cham= 
bors, contsias arsenle in cousiderable quantity ; henes great eae should be taken to 
avoid omploying this acid for medicinal parposes : the fuming xalphuric acid of Gere 
poe en eee docs not contain a traco of this moot dangerous 
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sulphuric acid formed, may be condensed in a long upright 
vessel of lead, filled with pebbles, which are constantly kept 
wet by a small stream of water, This interesting experiunent 
was first made by Mr. Peregrine Phillips. 

A foaming and very strong sulphuric acid is prepared at 
Nordhausen, in Saxony, by exposing sulphate of iron to a red 
heat in earthen retorts; the sulphate of iron, which contains 
seven equivalents of water is previously heated, till the pro- 
portion of water is considerably less than one equivalent, and 
the acid that passes over is a dark coloured liquid, of a thick 
oily consistence ; specific gravity, about 1-9, and containing 
Jess than one equivalent of water to two of acid; or 90 per 
cent, of real acid. From this acid the dry sulphuric acid may 
be prepared; for when heated, it is resolved into ordinary oil 
of vitriol and real sulphuric acid; the latter, being very volatile, 
distils over in colourless vapours, which, when received into a 
dry vessel, cooled by a freezing mixture, condenses in beautiful 
white satiny fibres, constituting the dry sulphuric acid. 

Properties of sulphuric acid. 1n its concentrated state, this 
is the most powerful and corrosive of all the acids, to the pre- 
paration of most of which it is the key, both on account of its 
superior affinities, and its cheapness. It speedily destroys or- 
gunic substances, and acts strongly on the cuticle. It has a 
powerful attraction for water, so much so, that it is much used 
for purposes of desiccation under the receiver of an air pump. 
Three parts of concentrated acid increase to four, by exposure 
for 24 hours to a moist atmosphere: even at a boiling tem- 
perature it takes moisture from the air; hence, close vessels 
must be used to give it its highest state of concentration. [t 
acquires n brown tinge from the smallest particles of straw, 
cement, or even dust that accidently fall into it, which is as- 
cribed to its strong affinity for water, the elements of which 
it takes from the organic matters with which it comes into 
contact und thus chars them. It dissolves small quantities of 
sulphur, and acquires a brown, green, or blue tint. It dissolves 
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also, when highly concentrated, small portions of telluriam 
and sclenium, the former causing a crimson, the latter a green 
colour; charcoal also appears, to a stall extent soluble in it, 
communicating first a pink, and then a dark reddish brown 
tint. 

When a very pure sulphuric acid is required for purposes of 
delicate chemical rescarch, it must be distilled, and in con- 
ducting the operation great care must be taken, in consequence 
of the violent jerks which the production of its vapour occa- 
sions, and which often break the vessel. The following plan, 
adopted by Dr. Ure, may be usefully inserted. Tnto a plain 
glass retort, capable of holding from two to four quarts of 
water, a pint measure of sulphuric acid is put; to the retort a 
receiver is connected by a glass tube, four feet long, and from 
‘one to two inches in diameter. ‘The tube fits very loosely at 
both ends, The retort is placed over a charcoal fire; when 
the acid boils, the sudden explosions of dense vapour, which 
would infallibly break small vessels, are prevented from doing 
mischief by the easy communication with the air at both ends 
of the adopter tube. In consequence of the smallness of the 
specific calorie of the vapour of sulphuric acid, to which the 
danger of its distillation is attributable, it is unnecessary to 
upply cold to the receiver as when most other liquids are 
distilled, By the above method, Dr. Ure makes the concen- 
trated acid flow over in a continuous slender stream, without 
the receiver becoming sensibly hot. 

Sulphuric acid has lately been prepared in considerable 
quantities from the iron pyrites;—it is found to contain arsenie 
and selenium; the former of which contaminations is of great 
importance in medico-legal inyestigations, and we shall take 
occasion in a future lecture, to point out the most approved 
methods of detecting it. 

Test for sulphuric acid. There is uo difficulty whatever in 
detecting and estimating the quantity of sulphuric acid in any 
soluble compound. A solution of nitrate of barytes will pre~ 
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cipitate the smallest quantity, in the form of an insoluble sul- 
phate of barytes, which can be collected, dried, and weighed 
with the greatest ease; every LOO parts consist of 34°37 sul- 
phurie acid, and 65°63 barytes. 

When the sulphate is insoluble, such as that of strontia and 
barytes, it may be detected by mixing it in fine powder, with 
three times its weight of carbonate of potash or soda, and ex~ 
posing the mixture in a platina crucible, for half an hour, to a 
red heat. Double decomposition ensues, and on digesting the 
residue in water, filtering the solution, neutralizing the free 
alkali by pure hydrochloric, nitric, or acetic acid, and adding 
muriate of barytes, the insoluble sulphate of that base is pre- 
cipitated, 

The sulphates are a class of salts that are readily formed by 
double decomposition, or by the action of sulphuric acid on 
the metals themselves, or the metallic oxides, or their car- 
bonates: several exist in nature, but the only ones that are 
abundant are the sulphates of lime, (familiarly known as gyp- 
sum, selenite, and alabaster,) and barytes; they are of different 
solubility, but the sulphates of barytes, tin, antimony, and bis- 
muth,lead, and mercury are insoluble in water, Some beautiful 
specimens of celestine or sulphate of strontia, have been found 
in considerable quantities on the line of the Great Western 
Railway, between Bath and Bristol. 

Hyposulphurous acid ; 8,0, or SO,+8. This acid, which is 
a compound of little stability, may be formed by bringing sul- 
phurous acid and sulpburetted hydrogen gases into contact in 
water, but it is speedily resolved into sulphur and sulpharous 
acid. It would not have been worth while to have said any- 
thing on this acid, but that its compounds, in consequence of 
a remarkable property which they possess of dissolving those 
compounds of silver which are insoluble in water, as the chlo- 
ride and iodide, and of forming a solution possessing an in- 
tensely sweet taste, have been brought into use, with consider= 
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able success in daguerrotype and photogenic drawing.* The 
hyposulphite of soda, which is the salt usually employed, is 
formed by saturating a solution of carbonate of soda with sul- 
phurons acid, and digesting upon it flowers of sulphur at 
high temperature, but without ebullition. 

‘The hyposulphite of soda forms a good test, whereby to 
distinguish barytes from strontia, the former of which earths 
it precipitates, but not the latter. 

Hyposulphurie acid; 8,0). Like the last compound of sul- 
phar and oxygen, this acid cannot be insulated, or at least 
cannot be kept in an insulated state. It forms salts with me~ 
tallic oxides, none of which have yet been applied to any 
useful purpose. 

Sulphur with hydrogen. ‘These elements combine together 
in two proportions, forming sulphuretted hydrogen, or hydro- 
sulphuric acid, HS, fq: 213-67, and persulphuret of hydrogen, 
HS? Eq: 4148. 

‘The first of these compounds exists as a colourless gas of 
extremely disagreeable odour; it is however, a reagent of fire~ 
quent application and considerable importance, 

Preparation. ‘To form sulpburetted hydrogen, the proto- 
sulphuret of iron (obtained by bringing a rod of iron, heated 
to whiteness, into contact with sulphur; or by heating together 
to bright redness, in a crucible, three parts of iron filings and 


* The Daguerrotypa process ia this: a plate of ailvered copper is cleaned with 
dilate nitric ncid, wo that the surfucn of the silvor whall be absolutely puro, anit is then 
‘exposed to the vapour of iodine, until a gold-coloured pellicle of lodine of excessive 
tenuity ix deposited upon it. In this state it f4 very sensible to light. ‘The plate so 
prepared, is placed in a camera obscura, and the image of the object required Is allowed 
to remain on \¢ for n space of time whlch varies with the rightness of the light. When 
It hns been sutholently exposed it is removed, and subsuitted to the action of the vapour 
of mercury, by which the picture is readered visible. Ay there still remains, bowvvor, 
‘general sensibility to the further influence of light, this ix removed by dissolving away 
all the iodine and iodide of kilvar, by a solution of Ayporulphite af soda. "The shadows 
romain then marked by smooth amalgamated surfaces, and the lights, by the eurres- 
ponding portions being of a dull grey colour, possessing only a power of diffuse ro 
fraction. 
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two of sulphur) is acted on by dilute sulphuric acid, with the 
assistance of a gentle heat. ‘The gas readily passes over and 
may be collected over warm water, not in the large hydro- 
pneumatic trough, #ig. 34, but in a small one, which the stu- 
dent will find convenient to have at hand for the preparation 
of this gas, and chlorine, and some others requiring warm 
water, ‘The sulphuretted hydrogen thus obtained, usually con- 
tains a small portion of free hydrogen; if required very pure, 
it may be generated from sulphuret of antimony and liquid 
muriatic acid. 

Properties. Any one who has hud the misfortune to meet 
with a putrefying egg, may form a pretty correct idea of the 
fetidly offensive character of sulphuretted hydrogen. It is 
yery poisonous. Air contaminated with <hy of it has been 
known to produce death, cven to large animals, It is highly 
inflammable, but it extinguishes all burning bodics, Tt is so- 
loble in water, and the solution is extensively used us a reagent 
for metals, from the solutions of most of which it precipitates 
metallic sulphurets of various colours, by which many metals 
may be recognised. Thus antimony gives an orange; man- 
ganese a flesh red; arsenic and cadmium, a canary yellow; lead, 
mereury, and bismuth, black or brown precipitates. The 
composition of sulphuretted hydrogen, is strikingly shown by 
pouring a little strong nitric acid into a bottle containing the 
gas; light and heat are liberated, the hydrogen being instantly 
oxidized, while sulphur is precipitated on the sides of the 
bottle. Chlorine also immediately decomposes it, in conse- 
quence of the powerful affinity which (as will be shown in the 
next Lectare,) this element possesses for hydrogen; hence, 
shoald any sulphurctted hydrogen accidentally escape into an 
apartment, its odour is soon destroyed by diffusing a little 
chlorine through it. 

Sulphuretted hydrogen ix a freqaent constituent of mineral 
waters, being probably evolved by the action of water on the 
native sulpburets of iron at high temperatures: the class of 

. 
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spas which it forms are called sulphurous: such as those of 
Harrowgate, Lucan, and Golden-bridge. 

Mr. Daniell has lately drawn attention* to the impregnation 
of the waters on the Western coast of Africa, with sulphurctted 
hydrogen, to an amount in some places, exceeding that of the 
most celebrated sulphur springs, to which impregnation, the 
rapid decay of the copper sheathing of ships employed on 
those stations is to be ascribed, ‘This impregnation of the 
water with sulphuretted hydrogen, is undoubtedly to be aseri- 
bed to the decomposition of the sulphates in the water, by the 
carbonaceous matter of vegetables ; and Mr. Daniell, with a high 
degree of probability suggests, that the existence of this dele- 
terious gas in the atmosphere, which must necessarily aceom~ 
pany its solution in the waters, may be connected with that 
awful miasma, which has hitherto proved so fatal to the ex- 
plorers and settlers on the deadly shores of Africa, He adds, 
may not the jungle fever in Indin depend, for much of its 
malignity, upon the same cause? The soil, in many parts, 
abounds not only with the nitrates of potash and soda, but the 
sulphates of soda and magnesia; these become washed down 
by the periodical rains, and mingling with the decaying leaves, 
the mutual reaction takes place.’ Plentiful fumigations of 
chlorine would infullibly prevent these deleterious effects, as 
chlorine and sulphuretted hydrogen cannot exist together. 

Persulphuret of hydrogen is generated when bisulphuret of 
potassium in solution, is poured into dilute muriatic acid. It 
isaheavy oily liquid, insoluble in water, but rapidly decomposed 
by contact with it. 

Sulphur and carbon. Bisulphuret of carbon; CS, When 
vapour of sulphur is transmitted through a red-hot porcelain 
tube containing charcoal, a volatile colourless liquid is pro- 
duced, The arrangement of the apparatus is shown in Fig. 
72. When the stove is sufficiently heated, pieces of sulphur 


* See London, Edinburgh, and Dublin Phil: Mags July, 1841. 
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are introduced at #, which instantly become fused and flow 
into the hottest part of the tube, which is placed in a rather 
inclined position. The sulphur enters into ebullition and is 
converted into vapour, which, passing over the heated charcoal, 
combines with it. The sulphuret of carbon is condensed in 
the long glass tube, 0, from which it flows into the flask f; and 
sinks in the water which it contains; sulphuretted hydrogeg, 
is produced at the same time, in consequence of the presence 
Fig. 72. 








of hydrogen in the charcoal; this escapes through m, which 
conducts it through a window into the external air, The tube 
o, is kept cool by cold water, which constantly trickles along it 
from the reservoir e. 

Pure bisulphuret of carbon is very inflammable, burning with 
ablue flame, and producing by its combustion carbonic and 
sulphurous acids. It has a very disagreeable odour. When 
pure, it boils at 110°, and by its evaporation in vacuo, a cold 
of —80 can be produced. Its composition is pleasingly shown 
by throwing a few drops into a stout bottle containing oxygen, 
through which its vapour soon diffuses; on applying a light it 
burns with a brilliant flash, but without any violent explosion ; 
sulphur és ab the same time deposited, 

Selenium ; Se, Eq: 494°58, It will be unnecessary to dwell 
tong on this substance, as it is very rare, and has never been 
applied to any useful purpose. It was discovered by Berzelius, 
in 1817, in the sulphur of Fallun, who gave it the name sele- 
ium, from Xeaqvj, the moon, on account of its strong ana- 
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Propertica. When pure, phos- Fig. 73. 
phorus is transparent and co- + 
lourless; the red tint which it 
is found to possess in commerce 
arises from the influence of light. 
It is soft, and may be easily cut 
with a knife, though at 82° it 
becomes brittle, and even erys- 
talline in its fracture: at 108° 
it melts, and at 550° it boils, 
forming a colourless vapour, 
It is absolutely insoluble in 
water, in which it is necessary to keep it, as it undergoes oxi- 
dation in the air, exhaling luminous formes of » peculiar odour, 
something resembling garlic. It is remarkable, that the slow 
combustion of phosphorus does not take place in pure oxygen, 
at temperatures below 80°, though when diluted with nitrogen, 
hydrogen, or carbonic acid, or when the pure oxygen is rarefied 
by diminished pressure, the oxidation occurs below 60° Pro- 
fessor Graham has found that small admixtures of olefiant gas, 
sulphuric ether, naphtha, and oil of turpentine prevent its slow 
combustion, It is necessary to be exceedingly cautious in 
handling phosphorus, as the evolution of heat during its slow 
combustion, particularly if increased by friction and other 
causes, may cause it to burst into a flame wl it is impossible 
to extinguish, and which ocensions particularly painful and se- 
vere burns, 

Phosphorus is soluble in the volatile oils, in ether, and in 
sulphuret of carbon. When dissolved in reetified sulphuric 
ether, and brought into contact with a large quantity of water, 
the solution undergoes decomposition. A pretty experiment 
in illustration of this is, to wet « lump of fine white sugur with 
the solution, and throw it into a basin of warm waters the 
whole of the surface will be illuminated, and by geotly blowing 
it, beautiful undulations will be formed, resembling the occa- 
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2 PHOSPHORUS WITH OXYGEN. 


sional fiery appearance of the sea. When one part of phos- 
phorus is gently heated with six of oil of olives, a solation is 
formed which becomes Juminovs when the cork of the phial 
in which it is contained is drawn ; so laminons is the solution 
that the hour may be seen at night, by holding a watch against 
the bottle. Luminous drawings may be formed by means of 
it, and it may be rubbed on the face and hands, so as to make 
them luminous, without injury. 

° Phosphorus with oxygen. Phosphorus combines with oxygen 





se 

phosphorus is incompletely race it may be formed in lange 
quantity by melting phosphorus under water, and throwing a 
stream of oxygen gas on it; it burns brilliantly, and being 
present in excess, passes into the lowest degree of combination 
it can form. It is a powder, of a canary yellow colour, ex- 
ccedingly inflammable, and insoluble in water, alcohol, and 
ether, 


Hypophosphorows acid; PO. Eq: 4923, This acid is very 
little known: it is formed by the action of a warm solution of 
an alkali or earth, on phosphorus. 

Phosphorous acid; PO,; ¥«,: 693°3. This acid is the prin- 
cipal product of the slow combustion of phosphorus. It ab- 
sorbs oxygen with avidity, reducing to the metallic state, salts 
of mercury, gold, platinum, and silver. In the laboratory, it 
is occasionally used as a deoxidizing agent. It is obtained 
pure with difficulty; but in solution, it may be formed by 
prssing a current of chlorine, through water containing pieces 
of phosphorus; inflammation takes place, chloride of phos- 
phorus is formed and immediately decomposed by the wuter, 
giving rise to phosphorous and muriatic acids, 
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Phosphoric acid; PO,; Fiq: 892-3, ‘There are three ways of 
forming this singular acid.* Ist. By decomposing by car- 
bonate of ammonia the acid solution of superphosphate of 
lime, the result of the first part of the operation for preparing 
phosphorus ; crystallizing and igniting the phosphate of ammo- 
nia, by which it is decomposed, and the phosphoric ucid solidi- 
fies into a colourless glass, known us the glacial phosphoric acid. 
2nd. By oxidating phosphorus by fuming nitric acid, diluted 
with an equal bulk of water; a process, in conducting which 
great care is required, to prevent the phosphorus from being 
projected in a state of ignition, And 3rd. By burning phos- 
phorus in a metallic capsule, and covering it with a large bell 
glass: white flakes of phosphoric acid are deposited, 

It is by the first of these processes that phosphoric acid is 
generally obtained ; but the last is the most convenient, when 
it is required in a state of purity. 

‘The glacial acid of phosphorus has so strong an affinity for 
water, that it can only be preserved in its glassy state in well- 
stopped bottles, 

‘The hydrated phosphoric acid may be distinguished from all 
other acids, except the arsenious, by forming with nitrate of 
silver a yellow precipitate, even when neutralized by ammonia. 
A certain test, between phosphoric and arsenious acids is, that 
the former is neither changed in colour nor precipitated, when 
astream of sulphuretted hydrogen is transmitted through it: 
while the latter first acquires a yellow tint, and then yields a 
yellow precipitate, 

Phosphorus with hydrogen. This compound is obtained by 
heating about a quarter of an ounce of phosphorus in a retort, 

* Phosphoric acid ix remarkable for forming three distinct eompounds with water, 
‘and three classes of salts :—Soa the elaborate and. important resoarchos of Graham, in 
the Phil; ‘Trans; 1838, yage 263, or in the Phil: Mag: vol 4, page 401. As we 
‘cannot spare the space to give a full detail of these researches, and ns they could not be 
oartalled consistent with perspicuity, the advanced student in referred to the original 


papers in the periodical sbowe ruferred to, or to the Elements of Chemlstry, by the same 
Author. 
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capable of holding alout four ounces of water, and co! c 
filled with « moderately strong solution of caustic potash; - 
hobble of gas, as it bursts through the water of the pneumatic 
trough into the air, takes fire spontancously, and borning with 
a beautiful white flame, forms a ring of phosphoric neid smoke, 
which, if the air of the room be still, will rise to a considerable 
height, widening as it rises, as shown in Fiy. 74. The struc 
Fig. 74. 





ture of this ring is very beautiful, consisting, according to Kane, 
of an amazing number of small rings, which revolve with 
great rapidity on their axes, and whose plane is perpendicular 
to that of the general ring which they produce. If the bub- 
bles of gas be received into a jar of pure oxygen, the com- 
bustion is excessively brilliant ;—altogether, this is one of the 
most splendid experiments in Chemistry. Care must be taken 
to have the retort completely jiled with the caustic alkali, and 
when the gas is passed into oxygen, the operator must be 
careful that it is not generated too rapidly. 

When hydrated phosphorous acid is heated, a variety of 
phosphuretted hydrogen is produced, which is nof spontane- 
ously inflammable, though analysis proves it to have the same 
composition as the other. Graham thinks, however, that the 
difference in properties may arise from the presence of small 
quantities of foreign substances not capable of being detected. 

Boron;—B. Eq: 136-25. This elementary body is neyer 
found in nature in an insulated state, though in combination 
with oxygen in the form of boracic acid itis found in the 
small volcanic Jakes or Ingoons of Tuscany, and in the hot 
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springs of Lipari. It is found also in the mineral kingdom, 
and as impure borate of soda, or tinkal, itis brought to Eu- 
rope from India, and when purified, is commonly known as 
borax, 

Boron was first discovered by Sir H. Davy, who produced 
it by submitting boracic acid to the action of a powerful gal- 
vanic battery; itis now obtained by a complicated chemical 
reaction which we will not describe, boron being an element 
of no utility in its insulated state, 

Boracic acid; BO, By dissolving borax in four times its 
weight of water, filtering the solution while hot, and decom- 
posing by one fourth its weight of oil of vitriol, boracic acid 
is obtained on cooling in thin shining crystalline plates, which 
after fusion in a platinum crucible and recrystallization, may 
be regarded as pure. It is the only compound of boron and 
oxygen known, and though feeble in its acid properties, on 
account of its fixity in the fire, it is capable of removing many 
of the stronger acids from their combinations. It is much 
used by Chemists as a flu, us, though it requires a very in= 
tense heat to convert it into vapour, it is very fusible, and 
forms fusible combinations with many of the metallic oxides. 
Boracic acid is distinguished by its property of communicating 
6 green colour to the flame of spirits of wine. 

Silicon; Si; Eq: 277°3. This is the base of the most ex- 
tensively diffused body in nature,—silica, silex, or silicic acid, 
which constitutes at least one sieth of the total weight of the 
mineral crust of our globe. Quartz, crystallized flint, agate, 
and sand, are silica nearly pure: and when mixed with va- 
rious metallic oxides, it forms s class of compounds termed 
silicates, which includes the great part of earthy minerals. 

Silicon is only to be freed from oxygen with very great diffi- 
culty, and by a complicated process. 1¢ is a dull brown pow- 
der, which may be heated intensely in « covered platinum 
crucible without loss; but when heated in air or oxygen, takes 
fire and burns, forming silicic acid. 

v 


aa 
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Silivie acid, S,O, is the only known compound of silico 
and oxygen. It exists in nearly a pure state, as has been ob- 
served, in colourless rock crystal, from which it may be ob- 
tained in a powder, by heating the crystal. to redness and 
throwing it into water, after which it is easily pulverized. If 
required in a very fine state of division, it may be so obtained 
by projecting into a fused mixture of the carbonates of potash 
and soda, pounded flint, as long as effervescence takes place; 
the silica dissolves in the alkali, from which it may be sepa- 
rated by the addition of a stronger acid; it then appears in a 
gelatinous hydrate, and when quite dry, as a white powder, 
though it still feels gritty between the tecth. In this state it 
is quite insoluble in water; but in the gelatinous form it is 
soluble to a small extent; hence, its presence in mineral wa~ 
ters, and hence also, those beautiful silicious petrifactions, in 
which the most delicate vegetable tissues are faithfully pre- 
served. There can be no doubt that much of the crystalline 
quartz in nature, besides all the agates, chalcedonies, &e., are 
deposited from aqueous solutions of silicn. 

‘The allaline solution of silica, when decomposed by a dilute 
acid, docs not precipitate the silica, though by evaporation to 
dryness, it assumes the insoluble condition. 

Like boracic acid, silicic acid (though it has no acid reaction) 
is capable of displacing the most powerful of the volatile acids 
uta high temperature. It unites with metallic oxides by way 
of fasion, in a great variety of proportions. When it com- 
bines with potash and soda, so that the alkali be in execss, 

fusible silicates are formed; but when the silica is in excess 
the silicate is diseolved, and on cooling they solidify together 
and glass is the result. 

Window glass (silicate of soda and lime,) is formed by 
fasing in a large clay crucible 100 parts of a quartzy sand, 
with 35 to 40 parts of chalk, 30 to 35 of carbonate of soda, 
and 180 of broken glass. When the mixture becomes thick 
and viscid it is fit to he worked, and may then be drawn out 
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into extremely fine threads, and expanded by the blow-pipe 
into vessels of any form; but it is necessary that the vessels 
should be cooled very slowly, or annealed us it is called, other- 
wise they are brittle in the est degree and quite worthless. 
To dnneal glass it is placed in a situation at which it can be 
exposed to the highest degree of heat which it is capable of 
bearing without softening, and the temperature is progressively 
lowered to that of the atmosphere. 

Plate glass was invented by Abraham Thwart, and was first 
mannfactared in Paris, in 1688, It may be composed of 
300 Ibs. of fine sand, 2001bs. of soda, 301bs. of time, 32 oz. 
of black oxide of manganes¢, 20%. of cobalt azure, and 300Ibs. 
of fragments of good glass. These materials, when in perfect 
fusion, are poured upon a hot copper plate; the mass is then 
rolled out, annealed, and afterwards polished by grinding with 
sand, emery, and colcothar. The difficulty of producing a 
perfect plate withont specks, bubbles, or waves, together with 
the risk of breakage, render large plates very expensive. 

‘The fusibility and density of glass is increased by oxide of 
lead, so that it is more easily worked and more brilliant, 
especially when ornamented by cutting: of this latter descrip- 
tion is the glass called flint glass, used for decanters, drinking 
glasses, chandeliers, &e. It consists of about 52 parts of 
silica, 34 of oxide of lead, and 14 of potash. For the best 
crystal glass for optical purposes, the materials are [20 parts 
of fine sand, 40 of purified pearlashes, 35 of lithange or mi- 
nium, and one of nitre. The presence of lead in glass, is at 
once detected by its surface acquiring a metallic lustre when 
heated to redness in the reducing* flame. The beautiful Bo- 
hemian potash glass, of such extensive use to the chemist, 
from its infusibility, owes its property to the absence of oxide 
of lead. 

The common wine-bottle green-glass is formed of the 





* In which there is exnee of combnstible matter. ‘This will be particularly ex- 
plained in the next Lecture, va 
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Preparation. Muriatic or hydrochloric acid is, as will pre- 
sently be shown, a compound of chlorine and hydrogen, and 
peroxide of manganese, has been proved to part freely with o 
portion of its oxygen; on heating therefore, about two ounces 
of the latter in coarse powder, in a flask, with six ounce mea- 
sures of the former, diluted with an ounce or two of water, 
the reaction shown below in a diagram takes place. 

BEFORE DECOMPOSITION. AFTER DECOMPOSITION. 
455 hydrochloric {chlorine  442*5_____ chlorine 442-5 


acid hydrogen = 125. ater 1125 
; oxygen 10_— 
546 peroxide of J manganese 346—____._ 7885 


manganese | oxygen 100, ate 


455 hydrochloric { chlorine 442-5 


acid hydrogen 125 __> 1125 
14560 1456-0 


‘This is the most conve- 
nient method of preparing 
chlorine for the laboratory, 
and as it issoluble toa con- 
siderable extent in water, 
and cannot be collect 
and preserved over quick. 
silver, with which it com- 
bines, it should either be 
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showing when the bottle is full. By stopping the aperture 
with a greased stopple, the gus may be preserved unaltered 
for a long time. 

‘The student is recommended to make himself familiar with 
the reaction explained in the above diagram by repeating the 
experiment. Into the flask a, Fig. 77, introduce a few ounces 
of faming muriatic acid; connect it by means of a tube, in 
which two bulbs, 4, c, are blown, and a caoutchoue connector, 

Fiy. 77. 





with along tube, @, containing fused chloride of calcium ; this 
is again to be connected with another tube, in which the bulbs 
fare blown; and lastly, with a bent tube, g, reaching to 
the bottom of the bottle &, Into e, some pounded and dry 
peroxide of manganese is placed. Muriatic acid gas is gene= 
rated by applying heat to the flask a, its moisture is deposited 
in 4, ¢, and the gas becomes thoroughly dried in its passage 
through the chloride of calcium in @; on arriving at e, it meets 
with the peroxide of manganese, heated by a spirit lamp, and 
suffers decomposition, its hydrogen uniting to the oxygen of 
the manganese and forming water, which is deposited in 7; 
while its other constituent clement, chlorinc, passes into the 
bottle 4, displacing the common air which it contains. A more 
satisfactory or a more easily performed analytical experiment 
could scarcely be made, 

For the preparation of chlorine on the large scale, acheuper 
process is followed, It has already been stated, that common 
salt is a compound of chlorine and sodium; about 8 parts are 
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introduced into a large leaden vessel, with 6 parts of man- 
ganese, and 13 of oil of vitriol, The manganese furnishes 
the sodiam with oxygen, converting it into soda, which com- 
bining with part of the sulphuric acid, forms sulphate of soda;— 
the manganese haying parted with an equivalent of its oxy- 
gen, becomes proforide, which unites with the remainder of 
sulphuric acid, and the results of the reactions are chlorine, 
and the sulphates of sode and manganese, 

Properties. Chlorine is a greenish yellow gas, of a very 
suffocating odour, and irritating in a distressing degree, even 
when taken into the lungs much diluted.* 
as compared with air, is 2470, and 100 cubic inches weigh 
766 grains. Water, at 60° dissolves twice its volume, ac~ 
quiring the colour, odour, and properties of the gas; at 32° 
chlorine and water combine, forming a crystalline solid: this 
compound is remarkable, as being that from which the first 
Liquefied gas was obtained by Faraday. The aqueous solution 
of chlorine is resolved, by the agency of light, into hydro- 
chloric acid and oxygen. 

Chlorine is what is termed a supporter of combustion. Phos- 
phorus takes fire in it spontancously, burning with a feeble 
light; and many of the metals, in thin leaves or in powder, 
are suddenly inflamed when introduced into it. Arsenic and 
antimony, when sprinkled into a jar of the gas, in the state 
of powder, produce beautiful scintillations. Tin, brass, cop- 
per, and zine-foil likewise, burn spontaneously in it. 

‘The attraction of chlorine for hydrogen is exceedingly pow- 
erful; it decomposes most compound substances containing 
that principle, and is the cause of most of the changes it pro- 
duces on organic bodics. Its power of decomposing water, 
merely by the action of light, is a striking example of its at- 
traction for hydrogen; and hence also it happens, that elo- 
rine is indirectly one of the most powerful oxidizing agents 


* ‘Tho coughing and oppression ow the ehest, consequent on the inhalation of 
chlorine, may be partly relieved by breathing the vapour of ether or epirit of wine. 
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which we possess. In all these cases hydrochloric acid is 
formed. When a taper is plunged into a jar of chlorine, its 
flame is extinguished; but the column of oily vapour rising 
from the wick, is rekindled by the chlorine, which enters into 
combination with its hydrogen, leaving the carbonaceous part, 
which appears as smoke. A piece of paper dipped into oil of 
turpentine, which contains a large quantity of bydrogen, and 
immersed in a jar of chlorine, immediately takes fire, its hy- 
drogen burning and its carbon being deposited. 

‘There is scarcely any substance which, in its application to 
the arts, is more useful than chlorine, It is the discolouring 
agent of the modern process of bleaching, and is extensively 
employed as a disinfectant to remove the minsmata and in= 
fectious impurities by which the atmosphere of an hospital 
may be contaminated. 

In the old process of bleaching, the goods are first well 
washed with water, to remove the weavers’ dressing or paste 5 
they are then ducked or boiled in a weak alkaline ley; and 
after having been well washed, arc spread out upon the grasa, 
80 as to be exposed to the joint agencies of light, air, and 
moisture; the bucking and exposure are continued as often 
as necessary; the goods are then soured, that is, immersed in 
water slightly acidulated with sulphuric acid; and Jastly, are 
thoroughly washed and dried. By these operations the tex 
ture of the goods is, to a certain extent, impaired, and much 
time is required to complete the process, which also cannot 
be carried on in the winter months. In the new process, the 
cloth, after being well washed, is boiled first in lime water, 
and then in caustic soda, which remove from it certain resin- 
ous matters. It is then steeped in a solution of ehloride of 
lime, so dilute as just to taste distinctly, which has little or no 
perceptible effect in whitening it, till the cloth is steeped in 
dilute sulphuric acid, when a minute disengagement of chlo- 
tine takes place throughout the substance of the cloth, and it 
immediately assumes a bleached appearance; the operation is 
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repeated as often as necessary, great care being taken to wash 
the cloth thoroughly when finished, to get rid of the acid, 
which, if allowed to dry in it, would injure its fibres. The 
theory of the operation of bleaching was, that it depended on 
the decomposition of water, the hydrogen of which was seized 
by the chlorine, while its oxygen being thrown on the organic 
substance, oxidized it, and formed a new body which was 
colourless. According to Kane, however, this is not the case, 
chlorine entering into the constitution of the new substance 
formed, sometimes replacing hydrogen, at others, simply 
combining with the coloured body, and at other times, occa- 
sioning very complex reactions.” The agency of chlorine in 
bleaching, results, nevertheless, from its disposition to unite 
with hydrogen. 

When chlorine is employed as a disinfectant, some chloride 
of lime, diffused through water, is placed in a tea cup, and 
dilute sulphuric acid allowed to drop slowly upon it; by this 
means, a slow but continuous evolution of the gas is obtained. 

Chlorine with hydrogen—hydrochloric acid; CL; Bay: 455. 
‘This highly important compound constitutes one of the three 
mineral acids so constantly called into operation in chemical 
processes. It is known by the various names of spirit of salt, 
marine acid,f rouriatic acid, chlorohydric, and hydrochloric 
acid. The very powerful affinity of chlorine for hydrogen, 
has already been adyerted to and illustrated. ‘The experiment 
of proving that the result of their union is muriatic acid, is 
very easily performed. Fill a stout bottle half full of hydrogen, 
and then quickly pass in chlorine till it is full; expose it for a 
few minutes to a bright sun; or present to the open mouth a 
lighted taper; an explosion will ensue, and the bottle will be- 
come filled with white fumes: admit a little water, and agitate 
the bottles the fumes will be absorbed, and the water will be 
found to have acquired a sour taste. A very striking method 

* Soo Kono's Elements of Chemistry. 


+ From marias, seo ealt. 
w 
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of showing the composition of muriatic acid in the Lecture 
room, is to fill a large thin globular vessel with chlorine, (by 
displacement) and to allow a stream of hydrogen from a pipe 
atthe end of the flexible, tube, to burn inside the receivers 
the flame will be so feeble as scarcely to be perceptible by day, 
the heat, however, will be intense, and the receiver will soon 
become filled with dense vapours of muriatic acid gas. 

‘To prepare muriatic acid gas for examination, a little com- 
mercial spirit of salt may be placed in a flask, connected with 
the mereurio-pneumatic apparatus and heated: the gas is 
colourless and invisible. It is irrespirable, though it does not 
prodace the suffeating effects of chlorine. It is condensed 
by a pressure of 40 atmospheres, at 50° into a liquid, It ex- 
tinguishes combustion, and is not inflammable, Its most re~ 
markable property is its powerful attraction for water; hence 
itis, thot though the gas is invisible whilst in a jar over mer- 
cury, it forms heavy white fames on escaping into the atmos- 
phere in which it finds moisture, and condenses in minute 
drops of liquid acid. A few drops of water are sufficient to 
condonse a large jar of muriatic acid gas. One cubie inch 
will absorb 418 cubic inches, according to Thomson. Con- 
siderable heat accompanies the condensation. A piece of ice 
Jet up into the gas over mereury, becomes instantly liquefied 
‘and the gas is absorbed. 

‘The muriatic acid of commerce, is water saturated with the 
above gas. The materials usually employed, are equal weights 
of salt, water, and sulphuric acid; more acid being employed 
than is sufficient to form # neutral sulphate with the soda, so 
that the more perfeet decomposition of the salt may be en- 
sured. The acid, to prevent too violent effervescence at first, 
is mixed with one-third of the water, and when the mixtare 
has cooled it is poured upon the salt, previously introduced 
into a glass retort. ‘The distillation is continued to dryness, 
and the gas, as it escapes, is conducted into the remainder of 
the water. The apparatus, shown in Fig. 64, and used in the 
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preparation of nitric acid, may be employed, ‘The specific 
gravity of the acid obtained in this process is 1*170. 

The following diagram represents the nature of the reaction; 
supposing single equivalents of oil of vitriol and salt to be 


employed. 

BEFORE DECOMPOSITION, APTER DECOMPOSITION. 

733 chloride of so- ¢chlorine 442————3-454} muriatie acid 
dium + Para 21, 


hydrogen, 124° 
613} oil of vitriol 4 oxygen 100 ~__ 
sulph: acid 50]. 892sulph: of soda, 


13465 1546 13464 

















‘The student has rarcly any occasion to prepare this acid 
himself; the spirit of salt, of commerce, being easily purified 
by distillation. Liebiy's condensing tube may be very conve- 
niently employed for this purpose; the pure acid thus ob- 
tained is colourless, and besides being strong enough for al- 
most every purpose, it has the advantage of not fuming in the 
air. The commercial acid has a yellow colour arising from 
iron, and perhaps also some organic matter; it also contains 
sulphuric acid, which may be detected by nitrate of barytes. 

When, however, a concentrated and pure acid is required, 
the following process of Dr. Gregory* may be advantageously 
adopted for procuring it, 

Into a common Florence flask are introduced, 4 ounces of 
the purest patent salt, and 5 ounces of sulphuric acid, of spe- 
cific gravity 1600; a gentle heat is applied, and the gas which 
is then generated, is conducted by a bent glass tube, into a 
four ounce phial, surrounded with snow or ice-cold water, and 
containing 2 ounces of distilled watcr. No safety-tube is re- 
quired, as the tube is made to dip only about onc-cighth of an 
inch into the water, so that should any absorption take place, 
the rise of a litle water in the tube exposes the extremity of 


* Memoirs of the Cheusiesl Society. 


26 PREPARATION OF HYDROCHLONIG ACTD. 


it, 80 as to admit the air; or, for greater security, a small bulb 
may be blown on the descending limb of the tube. 

‘The gas is absorbed as fast as it comes over, and for the 
first hour and one quarter, the heat hardly requires to be in- 
creased; if the temperature of the surrounding water has 
been kept so low as 50°, the 2 ounces of distilled water will 
have increased in volume to 3 ounces of colourless hydro- 
chloric acid, fuming strongly, and having a specific gravity of 
1-20 to 1-21; the gas passing over so dry that no part of the 
tube becomes warm, This portion being removed, its place 
is supplied by 2 ounces more of distilled water, and the heat 
gradually increased and continued for an hour longer: by that 
time all the hydrochloric acid is expelled, with some water, 
and the 2 ounces of water will have become 3 ounces of hy- 
drochlorie acid, of specific gravity 110. Both portions are 
absolutely pure. If 3 ounces of water are used in the first 
instance, 4°5 fluid ounces of acid of specific gravity 1°10 are 
obtained; and then replacing the acid by 2 ounces of water, 
35 ounces more, of specific gravity 1065. If 5 ounces of 
water are used at once for condensing the acid, and kept till 
the distillation is complete, 7° fluid ounces of specific gravity 
1-155 are obtained. Dr. Clark finds sulphurie acid, of a 
specific gravity of 1°65 to answer still better than acid of 1°60, 

By using sulphuric acid of this degree of strength, (con- 
taining 25 per cent of water,) and ¢wo equivalents to one equi- 
valent of salt, instead of one equivalent a3 usually prescribed, 
the whole of the hydrochloric acid may be expelled without a 
trace of sulphuric acid, and two-thirds distil over before water 
is volatilized. 

Hydrochloric acid is a powerful aciel, but less corrosive than 
sulphuric acid; it is not poisonous and is used in medicine, 
It is decomposed by substances which yield oxygen readily, 
such a8 metallic peroxides and nitric acid, which cause an evo~ 
lution of chlorine by oxidating the hydrogen of the acid, 
When two mensures of hydrochloric, are mixed with 1 of 
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nitric acid; the mixture, though previously colourless, be- 
comes deep yellow, and exhales « strong smell of chlorine and 
of nitrous acid. tis thas a source of chlorine in a very con- 
centrated state, and hence its use in dissolving gold and pla- 
tina metals not soluble in nitric acid, and in oxidizing metallic 
sulphurets. 1c is ealled aqua regia. 

‘The strongest hydrochloric acid that can be easily forméd, 
contains six equivalents of water, and when evaporated in the 
open air, it abandons a quantity of gas, and contains 12 equi- 
valents of water to | of acid. The great use of muriatic acid 
in the laboratory is, as a solvent in inorganic analyses. It is 
distinguished by its odour and volatility, and by its giving, 
with nitrate of silver, a white curdy precipitate, insoluble in 
water and in nitrie acid, but soluble in ammonia. 

Chlorine with oxygen. These clements, though exhibiting 
but little disposition to combine together, form four distinct 
compounds, as under == 











Hypochlorous aci .ClO: Eq: 542 
Chiorons acid. ... -CLO,: Eq: 842 
Chlorie acid. -+- ClO: Eq: 942 
Perchloric acid, . - +. CLO,s Eq: 1142 





Hypochiorous acid, A solution of this acid in water, is ob- 
tained by agitating red oxide of mercury with a little water, 
in a large jar filled with chlorine. ‘The proportions are, 6 
drachms of the oxide, and 1} ounce of water, in a two pound 
bottle of the gas. The chlorine takes part of the oxygen from 
the oxide of mercury, forming with it the acid in question, 
which is dissolved by the water, whilst another portion of the 
chlorine unites with the mercury, and forms with the unde- 
composed oxide, an insoluble oxichloride. It is obtained pure, 
andin ‘ing nitrate of lime, in fragments, 
intot « y; the water is absorbed by 
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into its elements by very simple causes; a slight elevation of 
temperature, and even the act of transferring it from one ves- 
sel to another, causes it to explode with violence; many of 
the metals and elementary bodies act upon it with great energy, 
and are raised to their highest degree of oxidation, chlorine 
being evolved. {ts composition is 2 volumes of chlorine and 
1 volume of oxygen, condensed into two volumes, 

Chiorous acid, ClO, cannot be obtained in a state of purity 
without very great danger; it is one of the results of the re- 
action of sulphuric acid on chlorate of potassa, and is an acid 
gas of a rich yellowish green colour, It is exceedingly un- 
stable and dangerous, from the violence with which its ele~ 
ments separate from cach other from the slightest causes, 
Brande says, that it may be conveniently obtained by putting 
afew grains of chlorate of potassa into the bottom of a tall 
narrow jar, about half an inch in diameter and 12 inches high, 
standing upon a foot, and carefully dropping upon it, so ns 
not to soil the sides, a little sulphuric acid; the weight of the 
gus causes it to expel the air and fill the tube, from which, 
with a little management, it may be decanted into a tall glass 
containing copper leaf, upon which it exerts no action ; but a 
hot wire dipped into the gas causes it immediately to explode, 
and the metal leaf burns in the oxygen and chlorine. A little 
jet of nitric oxide thrown in, produces the same effect without 
explosion, It is my duty, however, to warn the student to be 
very careful in repeating this experiment, which is not without 
considerable danger, and ought never to be attempted at the 
lecture table, The violent action of this compound on com- 
bustibles, may be shown in a beautifal manner and without 
the slightest danger, by throwing a drachm or two of erystal- 
lized chlorate of potash into a deep ale glass, Fig. 78, filled 
with cold water, to the bottom of which the salt falls without 
much loss by solution, Oi] of vitriol is then conducted to the 
salt ina small stream from a tube funnel, the lower end of 
which has been drawn out into a jet with a minute opening. 
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A gas of a lively yellow colour is evolved with slight cou- 
cussions, and immediately dissolved by the water, to which it 
imparts a yellow colour. If, while this is oceurring, a piece 
of phosphorus be thrown into the glass, it is ignited by every 
bubble of the gas, and a brilliant combustion Fig. 78. 

is produced under the water. Ef a few 
grains of chlorate of potash in fine powder, 
and loaf-sugar, be mixed upon paper by the 
fingers, wel xdeop of sulphuric acid allowed 
to fall upon it, an instantaneous deflagration 
takes place. It was in this manner that 
Captain Manby used to fire the small pieces 
of ordnance, which he proposed as a life 
preserver, to throw a rope over a stranded 
vessel, from the shore: and the same mixture was afterwards 
employed, with sulphuric acid, in various forms of the instan- 
taneous light match; all of which, however, are now super- 
seded by other mixtures ignited by friction, without sulphuric 
acid,—Graham. 

Chlorie acid; C\O,, This ucid may be prepared in solution, 
by transmitting a stream of chlorine through a strong solution 
of caustic barytess chloride of barium and chlorate of barytes 
result from the reaction, ‘The latter salt separates in a crys~ 
talline form, and by decomposing « solution of it in water, by 
a cautious addition of sulphuric acid, sulphate of barytes is 
precipitated, and a solution of chloric acid is obtained. In its 
strongest, form, this ucid is of an oily consistence, and is a 
powerful oxidizing agent. It produces a class of salts which 
is remarkable for a general solubility. ‘Those that are fusible 
detonate with great violence with combustibles, The chlo- 
rate of potash, which is prepared in the same manner as the 
chlorate of barytes, is a salt of considerable importance in 
commerce, from its utility in making matches. [t deflagrates 
with combustibles more violently than the nitrate. A grain 
or two rubbed in a mortar, with an equal quantity of sulphar 
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detonates violently, and if a small piece of phosphorus be ad- 
ded, the explosion is very violent and dangerous, A mixture 
‘of chlorate of potash, sulphur, and charcoal inflames by per- 
cussion, and is applied to lucifer matches. Graham gives the 
following receipt for this percussion powder. Wash out the 
nitre from 10 parts of ordinary gunpowder, and mix the re- 
sidue, while moist, with 5} parts of chlorate of potash in very 
fine powder. This mixture, when dry, is highly inflammable 
and dangerous to preserve in that state. 

Hypochlorie acid; ClO; A compound of this neid with 
potash, is obtained without danger or inconvenience, by gently 
heating nitric acid on chlorate of potash; the result of the 
reaction consisting of 3 equivalents of nitrate and 1 of byper- 
chlorate of potash; the latter salt may be separated in small 
shining crystals, by dissolving in a small quantity of boiling 
water and cooling. From the hyperchlorate of potash, the 
acid may be obtained by boiling it with an excess of fluosilicic 
acid, (to be described presently,) which forms with potash, a 
salt nearly insoluble, ‘This acid is much the most stable of 
the oxides of chlorine, and is remarkable for the large quan- 
tity of oxygen which it contains, and for the very sparing so- 
lubility of its potash salt; it has hence been employed as a re- 
agent to detect that alkali. 

Chloride of nitrogen; NC\. This formidable compound is ~ 
obtained by inverting a jar of chlorine over a basin containing 
a solution of sal ammoniac, at 90°. ‘The gas is absorbed, and 
an oily substance gradually accumulates on the surface of the 
liquid, and precipitates to the bottom of the leaden saucer in 
which the solution of sal-ammoniac is contained. ‘This is the 
chloride of nitrogen, and so dangerously explosive is it, that 
the bottle of chlorine must not be touched while itis forming, 
unless the face be protected by a wire mask, and the hands 
by stout gloves; a slight agitation is sufficient to resolve it into 
its elements, with a violence so great as to shatter to pieces 
vessels of glass or cast-iron. It produces, however, merely an 
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indentation in lead, so that if every particle of it be allowed 
to settle in the saucer, its general character may be ascertained 
without danger. Most organic matters containing hydrogen 
decompose it; and it may be safely exploded, by touching it 
with a cane rod dipped into oil of turpentine. 

Todine. 1: Eq: 1579: was discovered in 181], by M. 
Conrtois, a manufacturer of saltpetre, in Paris, in kelp, a sub- 
stance from which he prepared carbonate of soda. Its pro- 
perties were shortly after investigated by M. Clement, and its 
nature determined by Sir H. Davy and Gay Lussac. 

It is from kelp that the greater part of the iodine of com- 
merce is obtained, and the manufucture is conducted upon a 
large scale, nt Glasgow, ‘The concentrated solution of kelp, 
after it has deposited the soda salts which it contains, is al- 
lowed to cool in a shallow pan; erystals of chloride of potas- 
slum separate, and a dark dense-coloured liquid remains. To 
this, sulphuric acid is added in excess, and after standing a 
day or two, it is heated in the leaden retort, a, Fig. 79, to 
about 140°, and then peroxide of manganese is introduced, 
and the capital, in Fi. 79. 
which are two open- 
ings 3, ¢, closed with 
leaden stoppers, is lu~ 
ted on. Todine im- 
mediately begins to 
come off, and is con- 
densed in the recel- 
vers d, ¢, f. In this 
operation, hydriodic 
acid is decomposed, 
either by its hydrogen 
uniting at once with 
the oxygen of the 
manganese, or hydro= 
chloric acid, (which is always present) may be supposed to be 
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first decomposed by the metallic oxide, its chlorine reacting 
on the hydriodic acid. Precantions to be attended to, and mi- 
nute directions for performing this operation successfully, are 
given by Professor Graham, in his “ Elements.” -—— 

Properties. As met with in commerce, iodine is generally 
in crystalline scales, of a bluish black colour and metallic Ins- 
tre. Its vapour is of a most beautiful violet colour, as may 
be seen to great advantage by throwing a scruple or two on a 
hot brick. Hence its name, from "Iméyg, violet coloured. It 
stains the skin yellow, but the colour disappears in a few 
hours. Water dissolves about ys45th of its weight of iodine, 
and acquires a brown colour; alcohol and ether dissolve it 
readily, forming dark reddish-browy solutions. Its vapour is 
the heaviest of the simple gaseous bodies. It bears a con- 
siderable resemblance to chlorine, though its affinities are 
much less powerful. One of the most remarkable properties 
of this substance is, that of its forming with starch, a deep 
blue insoluble compound, the production of which is am ex— 
ccedingly delicate test of its presence; according to Strome- 
yer, a liquid containing s+hioth of its weight of iodine, re~ 
ceives a blue tinge from a solution of starch. [tis only free 
iodine that gives this bluc precipitate; if it be in combination 
as a soluble iodide, no change takes place till chlorine is added 
to liberate the iodine, The chlorine must not, however, be 
in excess, The best plan, according to Dr. A. T. Thomson, 
is to add starch, with a drop of sulphuric acid, to the liquid 
containing an iodide, and allow the vapour only, from a solu- 
tion of chlorine in water to fall upon the liquid; the bla: 
compound is immediately formed, and there is no danger of 
an excess of chlorine. 

Iodine is used in medicine. {t appears to have a specific 
action in causing the absorption of glandular swellings, and 
is also administered asa tonic. It was first successfully em- 
ployed in the treatment of goitre, by Coindet, of Geneva, and 
it has since been found that most mineral waters, to which 
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the virtue of curing that disease was ascribed, contain 
iodine. 

fodine combines with metals with nearly as much energy 
as chlorine, The compounds which it forms with mercury 
and lead are very beautiful. The iodide of mercury falls as a 
precipitate of a fine scarlet colour, when iodide of potussium* 
is added to a solution of bichloride of mercury, (corrosive 
sublimate.) When moderately heated, it becomes yellow ; at 
a higher temperature it fuses, and sublimes in beautiful yellow 
rhomboidal crystalline plates. These yellow crystals generally, 
gradually change to scarlet when cold, and the change may be 
brought about at once by seratehing or erushing the surface 
of a crystal. Now the forms of these crystals are totally dif- 
ferent; hence, the iodide of mercury prescnts a remarkably 
clear example of dimorphism, or the capability of some bodies 
to assume different crystalline forms, their constitution being: 
precisely similar, lodide of lead is formed, when iodide of 
potassium is added to a salt of lead in solution; it falls as a 
beautiful lemon-coloured powder, soluble in 194 parts of 
boiling water, from which, on cooling, it separates in erystal- 
line golden scales, of exceeding brilliancy. 

Iodine appears to form three compounds with oxygen, 
namely, iodous, iodic, and periodic acids, It combines also 
with hydrogen, forming a compound analogous to bydrochlo- 
rie acid, namely, hydriodie acid. 

Of iodous acid very little is known. Todie acid, 10,, is pre- 
pared by digesting iodine in nitric acid; or by transmitting a 
current of chlorine through water containing iodine diffused 
through it, neutralizing the acid liquor by carbonate of soda, 
and repeating these two operations till the alkali censes to pre- 
cipitate iodine. The iodate of soda is then mixed with a salt 
of burytes, and the resulting iodate of barytes decomposed by 
sulphuric acid, Jodie acid is a powerful oxidizing agent, and 


* A.salt procurable at any chemist’s, being extensively used in modicine, 
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in remarkable for its action on morphia, which it decomposes, 
iodine being set free, by which property it may be reeognized. 
Its nalts resemble, in most respects, those of chloric acid, 

Periodic acid; 10;, is formed by transmitting a current of 
chlorine through a solution of iodate of soda, to which at least, 
three times ns much caustic soda has been added, as there is 
of soda in the jodate. It is more stable than iodic acid, though 
at a high temperature it is resolved into iodine and oxygen. 

Hydriodic acid; U1. Under ordinary temperatures and 
Pressures, this compound exists nx a gas, which may be ob- 
tained by introducing into a little tube retort, 9 parts of dry 
jodine and 1 of phosphorus, and filling it up with pounded 
wines, On gently heating the tube, the iodine and phosphorus: 
combine, forming iodide of phosphorus; o little water is now 
allowed to filter through the pounded glass, which, when it 
comes into contact with the lodide of phosphorus, decomposes 
it with violence, its hydrogen uniting with the iodine and 
forming a gascous substance, which may be collected by dis- 
placement, This gas is very soluble in water, and soon de- 

* composes over mercury. It is colourless, though like hydro- 
chloric acid, it fumes in the air, Its solution in water is best 
obtained by transmitting sulphuretted hydrogen through water 
in which iodine is suspended; the iodine combines with the 
hydrogen of that compound, and liberates the sulphur. ‘The 
excess of sulpburetted hydrogen is expelled by warming the 
liquid, and it is rendered clear by filtration, In its strongest 
form, sp: gr: 1-700, it may be distilled unaltered. It is co- 
lourless, though, if exposed to the alr, it soon becomes brown, 
and finally red, owing to its decomposition ky atmospheric 
oxygen. 

Jodide of nitrogen. 'This is a powerfally detonating compounds 
it explodes more easily than the chloride of nitrogen, though 
not so violently, It may be formed by digesting iodine in so- 
lution of ammonia, or, which is a better plan, by mixing great 
‘excess of wmmonia with a saturated solution of iodine in al- 
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cohol, and afterwards adding water as long as the iodide of 
nitrogen precipitates. It may be collected on a filter, which, 
while moist, should be divided into a number of small pieces, 
or the whole may explode at once on drying. When the 
paper is dry, the slightest touch causes it to explode with vi- 
olence, and if there be several pieces on the same table, the 
concussion in the air, prodaced by the detonation of one, 
generally causes all the others to explode, There is, however, 
no danger attending this experiment, which is a very striking 
one, at the lecture table. A small quantity of the iodide on 
a picce of filtering paper, if quite dry, will explode when 
dropped from the hand, before it reaches the ground. 

Bromine. Br: Eq: 9783. This singular clement was dis- 
covered by M. Balard, in 1826. Its name is derived from 
Bowpns, mal-odour, and was applied to it on account of its 
strong and disagreeable smell. 

As it has not been found applicable to any important pur- 
pose of utility, | shall pass it over with very few words. It is 
found in an exceedingly minute quantity in sea-water, under the 
form of bromides of sodiam or magnesium ; also in the water 
of the Dead Sea, and in nearly all the saline springs of Eu- 
rope, particularly in those of Theodorshall and Kreuznach, in 
Germany. It is detected by means of chlorine water, a few 
drops of which cause the colourless solution of a bromide to 
become orange yellow. Bromine in mass is opaque, and of a 
dark brown red colour, but in a thin stratum, transparent, and 
of a byacinth red, It is strongly poisonous. In almost all 
its chemical propertics, it is intermediate to chlorine and 
iodine, and its compound with hydrogen is obtained by a pro- 
cess precisely similar to that described for hydriodic acid. 

Fluorine. F. Eq: 235°8, It is doubtful whether this body 
has ever been isolated; for so intense are its affinities, that no 
sooner is it liberated from its combination with one substance 
than it enters into union with some other. The only experi- 
ments in which its isolation is probable, are those of the 
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Messrs, Knox, in which they employed vessels of Muorspar, 
(Auoride of calcium) and decomposed fluoride of mercury, by 
means of chlorine; though it is not improbable that the gas 
which was produced, was a chloride of flaorine, and not flao- 
rine itself, s 

‘There is no compound of fluorine and oxygen Known. It 
combines, however, with hydrogen, forming, when pure and 
concentrated, the most intensely corrosive compound known ; 
80 much so, that it is not safe to have much to do with it, as, 
should a drop fall on the hand, it would produce a very painful 
sore, and one very difficult to heal. 

The most remarkable property of hydrofluoric acid is its 
action on glass; hence, it must be prepared and kept in ves- 
sels of platina or lead. It is formed by distilling fuor-spar 
with twice its weight of oi] of vitriol, a lithe water being put 
into the receiver. 

Its corrosive action on glass, depends on its property of 
combining with the base of silica, (silicon) forming flaoride of 
silicon, Patterns or designs may, therefore, be etched upon 
glass by means of hydrofluoric acid. There are two ways of 
doing this. Ist. The glass is uniformly covered with wax, 
and the design traced on it with a graver, taking care to ex- 
pose the glass perfectly in every part; a rim of wax is then 
formed round the edge of the plate, and the liquid acid poured: 
on after a time, dependant on the judgment of the operator; 
the remaining acid is poured off und the the wax cleaned away. 
‘The etched portions of the glass are equally transparent with 
the others, and the design is therefore indistinct, except in 
certain incidences of the light. A glass plate, so prepared, 
may be used as 4 copper-plate to print from, but the risk of 
breaking is too great to allow of its introduction into practice. 
—Kene. 2nd. Pounded fluor spar and oil of vitriol are put 
into a leaden saucer, and the glass to be etched, covered as 
before with wax, is laid upon it; heat is then applied to the 
saucer, and the design etched by the hydrofluoric acid which 
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rises. In this case, however, the lines have a rough and white 
appearance, and are casily visible in every direction; this 
arises from the regeneration of a quantity of silica, occasioned 
by the decomposition of the watery vapour which rises with 
the hydrofluoric acid. 

Fluoride of silicon, fluosilicic acid; S.F,. The aolution of 
this compound in water, is so valuable as a chemicn! reagent, 
and its preparation is so interesting that it must not be passed 
aver. ‘To form it, equal parts of powdered fluor spar and 
pounded sand or glass, are introduced into the flask a, Fig. 
80, and six parts of concentrated sulphuric acid poured on, 
and well mixed; heat is then applied, and the gaseous matter 
which is immediately evolved, is con- Fig. 80. 
ducted by the bent tube, 4, into the re- 
ceiver d, containing water, but covered 
at the bottom ns far as ¢, with a layer of 
mercury, 80 that the extremity of the 
exit-tube shal) be underneath the fluid 
metal, The reason for this arrangement 
is, that no sooner docs the fluosilicic gas 
come into contact with water, than a re- 
action takes place, and silica is deposited, 
which, if the conducting tube touched 
the water would speedily choke it up. By the above arrange- 
ment, however this is prevented, and a singular appearance is 
presented 3 a3 each babble of yas enters the water, it becomes 
invested with a white coating of silica, like a bag of tissne 
paper, which preserves its form, frequently for » considerable 
time: sometimes, in the course of the operation, the gas forms 
tubes or little chimneys of silica in the water, which reach to 
the surface, by which the gas escapes decomposition, if care 
be not taken to break them from time to time. When the 
water becomes thick the silica is removed, by straining with 
pressure in a fine linen cloth, ‘The property of this acid, 
which renders it interesting to the chemist is, that of its form- 
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ing with neutral salts of potash, soda, and lithia, precipitates, 
which are at first so gelatinous and transparent, that they can- 
not be readily recognised in the liquor, but when collected on 
afilter and dried, appear like powdered starch; hence, this 
acid is used to detect the presence of these substances in so- 
lution. With salts of barytes, a white and crystalline precipi- 
tate is produced in a few seconds, 
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The compounds of carbon with hydrogen. It would require a 
whole volume to give the history of the numerous and im- 
portant compounds of these two clements, which with nitrogen, 
comprise the whole range of organic chemistry. 1 propose, 
therefore, to introduce into the present lecture those two 
gaseous compounds only, which have been known to chemists 
several years, and which must be described previous to the 
consideration of these two last divisions of the subject of 
heat ; viz: ignition and combustion. \n the twelfth lecture, (on 
‘the method of analyzing organic compounds,) some of the 
most important Aydrocarbons will be described. 

Light carluretted hydrogen; CH This gas, which is also 
sometimes called heavy inflammable air, is formed during the 
spontaneous decomposition of dead vegetable matter, under 
water, and may be readily obtained by stirring the mud at the 
bottom of a stagnant pool and collecting the gas as it escapes 
in an inverted glass yeascl. It always contains from »yth to 
goth of carbonic acid, which may be removed by means of 
Time-water or caustic potassa; it contains also a small portion, 
(usually about 2th) of nitrogen. 

Dalton very ingeniously represents the formation of car= 
‘buretted hydrogen, by many natural operations, in the manner 
shown in the diagram, Fig. 81. Two atoms of charcoal are 
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interposed between two atoms of water, each consisting of au 
atom of oxygen and an atom of hydrogen: now, if we divide 
this diagram vertically, we have Fig. 81. 

the original substances, but if 

it be separated horizontally, we 

have twonew ones, This the- @) ©) @) 
oretical view is confirmed by 

the fact, that carburetted hy- 

drogen, formed at the bottom ©) (eo) 

of stagnant pools, is mcver ac~ 

companied by carbonic oxide, 

CO, but always by carbonic acid, CO, 

This gas may also be obtained by decomposing acetate of 
potash in a retort, with an equivalent proportion of caustic 
barytes: (Johnston.) or by passing the vapour of alcohol, 
through a red-hot porcelain tube, though by this process it is 
not pure. It is the principal constituent of coal gas, and when 
free from all impurities it is tasteless and nearly inodorous, 
dnd has neither acid nor alkaline properties. Water, accord- 
ing to Dr. Henry, absorbs about ysth of its volume. It is 
highly inflammable, burning with a yellow flame, and with a 
much stronger light than is occasioned by hydrogen gas. Te 
is avery stable compound, though, when passed through a 
tube heated to whiteness, it is decomposed, being resolved 
into carbon and hydrogen. When mixed with twice its bulls 
of oxygen gas it detonates powerfully, cither by the clectric 
spark or the contact of flame; 100 measures are thus found 
to yield 100 measures of carbonic acid, and water is at the 
saine time formed. When mixed with chlorine, the two gases 
do not act upon each other whea quite dry, even when ex- 
posed to the direct solar rays, but if moist, decomposition 
follows the exposure of the mixture to sunshine, and carbonic 
and hydrochloric acids are produced. 

Olefiant gas; C,H. ‘This gas was discovered in 1796, by 
some associated Dutch oo who gave it its name from 
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the property which it possesses of forming an oily looking 
compound with chlorine. Olefiant gas is prepared by = very 
interesting and instructive reaction. Into a capacious retort, 
one measure of strong alcohol and three measures of oil of 
vitriol are poured, and the mixture immediately heated by 
means of an Argand lamp; effervescence ensues, and olefiant 
gms passes over in considerable abundance, mixed however 
with ether at the commencement of the process, which con- 
denses spontancously, and with sulphurous and carbonic acids, 
‘which may be separated by allowing the gas to stream through 
lime water or liquid potassa, before it is collected over either 
the mercurial or hydro-pneumatic trough. As the operation 
proceeds, the mixture gets darker in colour, and eventually 
becomes quite black. The formation of olefiant gas in this 
process, is owing to the strong affinity of sulphuric acid for 
water, Alcohol is composed of oxygen, hydrogen, and car- 
bon, and from the proportion of its elements, it is inferred to 
be & compound of one equivalent of olefiant gas united to one 
equivalent of water; now the sulphuric acid combines with 
this equivalent of water, and the olefiant gas is set free. Other 
complicated changes eusue, and the products are numerous, 
and towards the close of the operation, carbonic acid is pretty 
freely formed, and charcoal deposited in considerable abun= 
dance. 

Pure olefiant gas is a colourless elastic fluid, having no taste 
and very little odour, Water absorbs about one-eighth of its 
volume. [ts specific gravity is about -980, and 100 cubie 
inches weigh ubout 30 grains, It is inflammable, burning 
slowly, and with the emission of a beautiful dense white light, 
very superior to that of carburetted hydrogen. When mixed 
with oxygen it detonates very loudly and forcibly, and if fired 
by electricity in the eudiometer, small quantities should be 
employed, or there would be a danger of bursting the Instru~ 

“ment. One volume requires three volumes of pure oxygen, 
and affords two volumes of carbonic acid; but to ensure per- 
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fect combustion, it should be mixed with five times Its bulk 
of oxygen; for if too little of the latter be employed, charcoal 
is apt to be precipitated unburned, and it must be remembered 
that the purest oxygen obtainable, even from chlorate of 
potash, rarely contains more than from 90 to 94 per cent of 
pure oxygen. An excess of oxygen does no harm, but re- 
mains in the mixture; now, as for every measure of olefiant 
gas, three measures of oxygen disappear, and two measures 
of carbonic acid are produced, the composition of olefiant gas 
is easily found. The two measures of carbonic acid contain 
two measures of vapour of carbon, which must have been 
present in the olefiant gas, and two measures of oxygen. Two- 
thirds of the oxygen which disappeared are thus accounted 
for, the remaining third must have combined with two mea- 
sures of hydrogen, to form water, and this hydrogen must 
likewise have been present in the olefiant gas. It has there- 
fore been assumed that this gas consists of cight volumes of 
carbon vapour and eight of hydrogen, condensed into four 
volumes, 

‘The following beautiful experiment renders the presence of 
a large quantity of carbon in olefiant gas strikingly apparent, 
Into a glass tube, three feet Jong and two inches in diameter, 
filled with warm water, introduce two-thirds of its capacity of 
chlorine, and fill it up with olefiant gas. Invert the tube, lay- 
ing w glass plate over the mouth; now apply alight to the 
mouth, and a deep red flame will be seen gradually to descend 
through the mixture, leaving behind it a dense black cloud of 
carbon, part of which will rise into the atmosphere, and part 
be deposited on the sides of the tube; fumes of muriatic acid 
are at the same time formed, and a peculiar aromatic odour is 
evolved. 

If, instead of inflaming the mixture of these two gases, they 
are allowed to remain at rest, a very different action ensues. 
The chlorine enters into combination with the olefiant gas, 
and a yellow liquid like oil is Benersied: ‘This singular sub- 











a | 


314 CHLORIC ETHER. 


stance is called chloric ether, or chloride of hydrocarbon. Tt 
miay be collected in quantity, by mixing large volumes of ehlo- 
rine and olefiant gas, taking care to have an excess of the lat= 
ter, and it may be purified by washing it with water, and then: 
distilling it from dry chloride of ealeium. It has an agreeable 
etherial smell, and not an unpleasant taste. It boils at 148°, 
and may be distilled without alteration. To obtain it per 
fectly pure, it should be agitated successively with solution of 
potassa, pure water, and strong sulphuric acid, and then re- 
distilled. When its vapour is passed through a red-hot poree= 
Jain tube, it is resolved into charcoal, light carburetted hydro 
gen, and hydrochloric acid gus. 

When olefiant gas is mixed with cight or nine times its 
balk of chlorine, and exposed to the sun’s rays, at first the 
fluid chloride of hydrocarbon is formed, and this, by con= 
tinuing the exposure is changed into a crystalline compound 
of carbon and chlorine, discovered by Faraday, and called 
perchloride of carton. The moment that chlorine is added to 
olefiant gus over water, a diminution ensues, and this effect 
tukes place, even when the vessel is shaded from the light by 
an opaque cover. On this, a very excellent method of sepa 
rating olefiant from light carburetted hydrogen gas was founded 
by Dr. Henry, a detailed account of which will be given in 
our next Iecture on the analysis of gases. 

Olefiant gas unites with iodine and bromine. lodide of 
hydrocarbon was formed by Faraday, by exposing olefiant gas 
and iodine to the direct rays of the sun: it is a white, solid, 
crystalline body, having a sweet taste and aromatic odour, It 
‘burns if held in the flame of a spirit lamp, with the evolution 
of iodine and some hydriodic acid. 

Bromide of hydrocarbon was formed by Serullas, by adding 
one part of iodide of hydrocarbon to two parts of bromine, 
contained in a glass tube, Instantaneous reaction ensued, at- 
tended with the disengagement of heat and a hissing noise, 
and two compounds, the bromide of iodine and a liquid bro~ 
mide of hydrocarbon were generated. 


COAL, ah 


Bromide of hydrocarbon is a colourless volatile liquid, of 
an ethereal odour and of an exceedingly sweet taste, which it 
communicates to water, in which it is soluble; both of these 
compounds appear to be composed of one equivalent of each 
of its constituents. 

Coal gas. Before describing this important compound, it 
will be proper to direct attention to the substance from which 
it is derived, 

Coal, This most valuable of all the mineral substances, 
from which Britain derives her prosperity, and which may be 
regarded as the main support of the whole system of British 
production, is found in beds or strata in that group of the 
secondary rocks which includes the red sandstone and moun- 
tain limestone formations, and which is commonly called the 
carboniferous group or coal measures ; and also sometimes from 
the peculiarities of their deposition, ¢oal basins and coal fields. 
Geologists appear to be nearly wnanisnous on these three points 
respecting the origin of coal, Ist. That it is exclusively of 
veyetodle origin, having probably been formed from the de= 
struction of immense forests. 2ad. That similar formations are 
not improbably going on at the present time in certain parts 
of the sea, since it is well known that prodigious quantities 
of timber are continually drifting, by some of the great rivers 
of the world, into the ocean; and 3rd; that the climate of these 
paris of Europe, judging from the nature of the preserved vee 
getables, was not merely tropical, bat ultratropical, It may 
also be inferred that these strata were deposited in the neigh- 
bourhood, and probably upon the verge of extensive tracts of 
dry land; for the trees that are found in coal strata, are often 
like those of our submarine forests, or of the Portland dirt 
bed, as far a3 position goes; and finally, the deposits of coal 
appear afterwards te have been elevated, and often singularly 
dislocated and contorted by forces acting from below, and 
probably of a yoleanie nature. very thing, observes Mr. 
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Pairholme,* connected with coal, seems to tend to prove its 
vegetable origin. Its immediate and invariable contact with 
stony strata, in which vegetable substances of every size, from 
the minutest grasses to the tallest trees, are so beautifully dis- 
played; its bituminous character; its colour; its combustible 
nature, which is found in no other mineral; its frequently dis- 
playing a distinct ligncous texture; and in corroboration of 
these, the conclusive experiments and reasoning of many able 
chemists ;—all tend distinctly to prove that the arguments 
formerly maintained by some geologists, who considered it as 
an original chemical formation, entirely unconnected with a 
vegetable origin, may now be classed, amongst various other 
concessions which have of late years been made, to the Wer- 
ncrian q 
If we suppose coal to have been produced from woody fibre, it 
would not be difficult to show how the change has been effected. 
‘The process must have been one of decay and putrefaction. 
When damp saw-dust is confined in a close vessel, it undergoes 
the same change as when air is admitted, and is converted 
into a substance similar to that found in the interior of trunks 
of dead trees. Now, according to the analyses of Thenard 
and Gay Lussac, 100 parts of oak wood, dried at 212°, from 
which all soluble substances had been extracted by means of 
water and alcohol, yielded 52-53 parts of carbon, and 47-47 
parts of oxygen and hydrogen, in the same proportion as they 
are contained in water, and 100 parts of white decayed wood, 
47-11 carbon, 6°31 hydrogen, 45°31 oxygen, and 1-27 ashes. 
These numbers lead to the formula— 
POR OAK WOOD. FOR DECAYED WOOD. 
Cy He Op CoH, On 

If there be added to the formula for oak wood the elements 

of § atoms of water and two atoms of oxygen, and if 3 


* See his remarks on the nature of coal, in the 3rd yolume of the London and 
‘Kdinburgh Phil: Mag: page 245, 
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atoms of carbonic acid be deducted, the exact expression for 
decayed wood will be obtained, thas :— 

+ Cy Hs O, 








5 atoms of water H, O, 
2 atoms of oxygen oO, 
Cu Hy Ow 
Deduct 3 atoms of carb. acid...... C, 
Cy Hy On 


according to this view, the change of woody fibre into white 
mouldered wood, consists in the combination of the elements 
of water with the wood ;—the absorption of a certain quantity 
of oxygen, and the disengagement of carbonic acid. 

Wood coal is probably produced by the same sort of de- 
composition. Of two samples, analyzed in Liebig’s laboratory, 
one was found to be composed of C, Hy Oy, and the other, 
which was taken from a depth of 120 feet, of ©. Hi, O,; now on 
comparing these formula with that of oak wood, we find that 
the elements of carbonic acid, hydrogen, and in the second spe- 
cimen, the elements of water have been separated, but both 
show an excess of hydrogen and less oxygen than is necessary 
to form water with that hydrogen; and it further appears, 
from the diminution in the original quantity of hydrogen, that 
though at such considerable depths below the surface, the 
action of air was not entirely excluded. 

From the frequent occurrence of springs of water, impreg- 
nated with carbonic acid, in the vicinity of the layers of wood 
conl, it is probable that the peculiar process by which the de- 
composition of extinct vegetables has been effected: viz—a 
disengagement of carbonic acid from their substance is still 
going on, at great depths, in all the layers of wood coal. 
According to the analyses of Richardson and Regnault, the 
composition of combustible materials, in splint coal from New- 
castle, and cannel coal from Lancashire, is expressed by the 
formula, Cx Hy O; on comparing this with the composition 





= 





paSgaeares popes es 
would then be converted into anthracite. 
In some coalfields there are appearances which justify the 
term cost havin, iniced, Mr. Fairholme says, that there is no 
exception to the fact of their exhibiting this form in any part 
of the world where coal has been found, any more than to the 
coal fields being ineariaSly situated in similar districts. In 
forming however, an idea of those basin-shaped hollows, in 
which the vegetable deposits have taken place, we must not, 
he says, be misled by attaching to them a great regularity, or 
omseioess of frm on the Citniey, ie onl ea 
to be as diversified in form, as the various lakes and 
now existing on the present surface of the earth. We find in_ 
some places such basins, of not more than a mile in diameter, 
and which in the hills of the West Riding of Yorkshire, are 
termed steilleye, filled, like the larger basins, with coal and its 
usual attendant strata. In other districts of greater extent, — 
the basin obtains the name of a field, extending over many 
tiles of country, but differing in no other material degree 


% Lintig. See bie" Orgesis Cheasistry, in its Apylications to Agriculture.” 
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from the basins already alluded to. These coal basins fre- 
quently dip as it were into a common centre, and consist of 
various beds of sandstone, shale, and coal irregularly stratified, 
and sometimes mixed with conglomerates, showing a me- 
chanical origin, 

That these deposits have taken place, and that the change 
of wood into coal has often been effected under great pressure, 
and often under pressure and heat, seems evident from the 
appearance of some of the vegettible masses, and also from 
the manner in which the carburetted hydrogen escapes in the 
form of blowers and eructations from the strata, us if pent up 
in their cavities under vast condensation, and even sometimes 
perhaps, in a liquid form.* 

An opinion respecting the origin of coal, first advocated by 
De Lue, and more recently by Adolphe Brongniart, (the cele- 
brated fossil botunist,) is, that coal beds have been extensive 
sheets of vegetable matter, resembling in that particular, peat 
bogs, which have, one after the other been submerged and 
covered by sand and silt. There are numerous facts in favour 
of this view, which has also been sanctioned by Mr. De In 
Beche, as upon the whole, more consistent with the pheno-~ 
mena presented by coal formations. 

“In the present condition of the coal measures,” remarks 
one of the most instructive geological writers, “we have op- 
portunities of observing design, even where things are so dispo- 
sed, as at first sight, apparently to preclude any such inference. 
‘The accumulation of vegetable matter, at a remote epoch in the 
history of the world, for the convenience and consumption of 
creatures which were long afterwards to exist upon its sorface, 
must strike the least inquiring; but where the twisted, dislo- 
cated, upturned, and broken strata, so common in the coal 
districts, are before us, the design appears to the superficial 
observer to be frustrated, especially when the miner complains 


* Sco Brande’s Dictionary of Btience, Literature, and Art —Asticles Goology anil 
Coal. 
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of them as interrupting, or even preventing his progress. So 
that this apparent confusion has sometimes been regarded as 
a bar to the ingenuity and industry of man in extracting the 
combustible so valuable and requisite. When, however, we 
contemplate the subject more closely, we find that these very 
irregularities and inconveniencies are in reality highly advan- 
tageous, for they often heave up seams of coal that would 
otherwise be beyond reach; and they perform the yet more 
important service at gcliaiie the passage of subterrancous 
waters from one part of the workings to another; so that the 
miners in collieries, situated in one particular mass, have only 
to contend with the waters in it; whereas, if the stratx were 
always unbroken and continuous, mc would be the abundance 
of water flowing into the workings, that the utmost difficulty 
and expense would be incurred in proceeding, and it would 
often be necessary altogether to abandon the further extraction 
of the coal, The section of strata in Jarrow colliery, near 
Newcastle, shows how curiously they are sometimes fractured 
and dislocated; and in the coal measures at Little Haven, St. 
Bride’s bay, Pembrokeshire, we have a good instance of their 
occasional contortions,”” 

‘The following diagrams, Figs. 82 and 83, taken from Brande’s 
Dictionary, represent a section of a coal basin, and the dis- 
turbance and dislocation 
of the strata by dykes or 
cross-courses. A A, in 
Fig. 82, ave the dykes by 
which the shales and 
coal, #4, are disturbed, 
and in Fig. 88, the seams 
of coal, Bx, which in the 
first case was once con- 
tinnous, has been dislo- [| 5 
cated by the intrusion 
of the dyke a. 





Pr 








COLLIERIES OF GREAT WRETAIN. 321 


Though there may be many beds and scams of coal in onc 
field, it is seldom that many of them are worked. ‘They are 
generally of uniform thickness through a great extent, but 
are sometimes subject to irregalarities. When less than two 
feet thick they are seldom worked to any great extent. The 
nature of the upper stratum or stony matter of the roof is very 
important; if compact, it is secure from falling and keeps out 
the water; if loose, the expense incurred in supporting it ab- 
sorbs the profits of the coal. 

Coal, asan inflammable substance, appears to have been 
known to the Britons before the Romans visited this island, 
but owing to the abundance of wood, it was not used asa 
fuel. As population and civilization however advanced, when 
agriculture began to be studied, and the arts of civil life cul- 
tivated, then the working of coal became an object of im- 
portance; but it was not till the end of the twelfth century 
that it became an article of commerce. 

The collieries of Great Britain are now upon the most cx- 
tensive scale, and are of the first importance to the kingdom, 
both as regards its political and commercial interests; so much 
so, that it is evident, that without cheap coal, the manufactures 
of Great Britain could not be brought forward in compe- 
tition with those of other nations of the world, where the 
price of labour is so much lower than in this country, 

The great coal-field of Britain, which is composed of nu- 
merous subordinate coal-ficlds, crosses the island in a diagonal 
direction, the south boundary line extending from near the 
mouth of the river Humber, upon the east coast of England, 
to the south part of the Bristol channel on the west coast, and 
the north boundary line extending from the south side of the 
river Tay, in Scotland, westward by the south side of the 
Ochill mountains, to near Dumbarton, upon the river Clyde; 
within these boundary lines, North and South Wales are in- 
cluded. The area is about 260 miles in length, and on an 
average about 160 miles in breadth. Within these bounds all 
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the chief coul-ficlds are found, upon which collieries have been 
established in Britain, anc no coul-ficld of any consequence 
has been found, either to the north or south of the lines above 
mentioned, excepting some small patches of thin coals of in- 
ferior quality, and the coal-field of Brora, in Sutherlandshire, 
Scotland, which is far disjointed from any other coal-field, It 
is calculated, that many centuries mast elapse before the sup~ 
ply of coal in Great Britain can be exhausted. The coul-fields 
of Dorham and Northumberland alone, are estimated to fur- 
nish their present annual supply for more than 1700 years, 

‘The annual consumption of coal throughout the British em- 
pire, is estimated at 28,575,000 tons. The coal trade gives 
occupation to nearly 200,000 persons. In 1838, the total 
quantity of coal shipped, was 7,190,433 tons; of which, from 
the Tyne and Wear, were 4,628,000 ; South Wales, 1,228,300 ; 
Whitehaven, 895,000 tons. The export was 2,449,417 tons, 
chiefly to Ireland, France, the Netherlands, Germany, Den- 
mark, British America, and the United States. ‘The imports 
inte London, in 1831, amounted to 2,638,256 tons, brought 
by 7,500 vessels. —Brande’s Dictionary. 

‘The deepest coal mines of England are those of Northum- 
berland and Durham, which are worked nearly 1000 feet below 
the surface. 'T'he thickest bed of coal, is said to be at Wood- 
mill Hill colliery, in Staffordshire, and to exceed forty feet. 
From six to nine feet is the average thickness of the most 
productive seams. 

‘There are three chemical varieties of coal. Ist. Brown 
coal. 2nd. Black, or comman coal; and 3rd. Glance coal, 
or anthracite. 

Brown coal is ouly imperfectly bitumenized, and is character- 
ized by burning with a peculiar peaty odour, It is sometimes 
earthy, but the fibrous structure of the wood from which it is 
derived, is generally more or less distinct. In the mode of its 
combustion, as well as in its external appearance, it bears a 
considerable resemblance to hulf charred wood, It is found 
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at Bovey, in Devonshire, and is used on the spot to heat the 
furnaces of « pottery, for which purpose it is admirably adap- 
ted from the clearness with which it burns; but the smell 
which it emits while burning, and the dust of its ashes, pre- 
vents its being employed in dwelling-houses. At Bovey, spe= 
cimens are occasionally met with, having so exactly the ap- 
pearance of wood, vi the fibres, knots, bark, &c., that it 
would be difficult, out touching it, to convince oneself 
that itis not really wood. This species of coal is likewise 
found in Iceland, where it is called surterbrand, and in several 
parts of the continent, 

Black coal appears to be a compound of bitumen and char- 
coal, and according to the proportion of these two ingredients, 
its properties vary considerably. {t shows no remains of the 
vegetables from which it has originated. "The Wernerian ar= 
rangement divides black coal into six subdivisions, but Dr. 
‘Thomson proposes the following four only :— 

Ist, Caking coal; so called, because its fragments melt at a 
certain temperature, and unite into one mass. Such is the 
Newcastle and Manchester coal. 

2nd. Splint or splent coal; which has reccived its name 
from the splintery appearance of its cross fracture. It has 
also been called hard coal, from the difficulty of breaking it. 
‘This is the sort best adapted for making coke, and extracting 
iron from its ores. 

Brd. Cherry coat. This variety abounds near Glasgow and 
in Staffordshire. It has considerable lustre, both in its prin- 
cipal fracture which is slaty, and in its cross fracture, which is 
flat and conchoidal. It readily catches fire, and is consumed 
rapidly, burning with a clear yellow flame, 

Ath. Cannel coal is a very well characterized species. It is 
found of the best quality and in the greatest abundance, at 
Wigan, in Lancashire, Its great combustibility, and the vivid 
light which it emits, have occasioned its being sometimes sub- 
stituted for candles, As it does not at all soil the fingers, and 
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is easily turned by a lathe, it is made into snuff boxes, ink- 
stands, and various trinkets. In Scotland it is known by the 
mame of Parrot coal. 

Dr. Thomson obtained the following results from the analy= 
sis of these four species of coal, 






Caking coal ....| 75°28 
Splint coal......| 75 
Cherry coal..,..| 74°45 
Cannel coal... ..! 64:72 13-72 0-00 100 

The quantity of nitrogen given in this table is probably 
greater, and that of the oxygen less than the truth, Dr. Ure, 
in his analyses of splint und cannel coul, could find no nitro- 
gen, but as ammonia is always one result of their distillation, 
it is fir to infer the existence of that element. 

3rd. Glance coal, or anthracite. This differs from common 
coal, which it frequently accompanies, in containing no bitu- 
minous substances, and in not yielding inflammable gases by 
distillation. Its sole combustible ingredient is carbon, and 
consequently it burns without flame. 

Coat gas. When coal is subjected to what chemists term 
destructive distillation, it yields a great variety of complicated 
products, and a carbonaceous residue, called coke, remains in 
the retort. The volatile substances are tar, acetic acid, water, 
hydrosulphuric acid, hydrosulphate and carbonate of ammonia, 
together with certain inflammable gases, consisting principally 
of a few well known compounds, mixed in different and va~ 
riable proportions. In considering the nature of the products 
of the distillation of coal, they may be classed under three 
heads. 1st. The permanent gases: secondly, vapours which 
are condensible into the liquid or solid state by cooling: and 
thirdly, the fixed or residuary matter which remains in the 
retort, 
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‘The chief gaseous constituents are, light carburetted hydro- 
gen and olefiant gas; but there are likewise found hydrogen, 
carbonic acid, carbonic oxide, and nitrogen: most of these 
gases are inflammable, but their illuminating power is very 
unequal, Thus, the carbonic oxide as well as the carbonic 
acid is positively hurtful, that is, more light would be emitted 
without them. The nitrogen, of course, from its negative 
properties, is of no service, and the hydrogen in burning, emits 
so feeble a light that its presence may also be considered pre- 
judicial. The real illuminating agents are the carburets of 
hydrogen, and the degree of light emitted by these is depen- 
dent on the quantity of carbon which they contain. ‘Thus, 
olefiant gas illuminates much more powerfully than light 
carburetted hydrogen, and for the same reason, the dense va 
pour of etherine* emits a far greater quantity of light than an 
equal volume of olefiant gas. 

It thus becomes obvious, that the comparative ilaminating 
power of different kinds of coal and oil gas, may be estimated 
by determining the relative quantities of the denser carburets 
of hydrogen which enter into their composition, ‘The inethod 
of performing this will be given in our next lecture, on gase- 
ous analysis. We will now proceed to describe the apparatus 
employed in effecting the destructive distillation of coal ;—for 
separating the solid and liquid products;—and for rendering it 
suificiently pure to be applied to the purposes of illumina- 
tion, 

‘The coal is subjected to heat in retorte, or enst-iron cylinders, 
which ore usually about 7 ft. Gin. long, and 1 foot in diameter, 
and in the shape of an arched cylinder: from five to eight of 
them are set in brick-work, so as to be heated red-hot by one 
fire. Each retort has what is called a mouth-piece, which 
projects from the front of the brick-work, and from which 

© A highly volatile liquid, first examined by Paraday, and obtained by subjecting 


oil gas 09 & pressure equal to 30 atmospheres. 
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there rises an upright pipe, about 12 feet 
inches in diameter, which carries the f 
tion into the hydraulic main. Each retort has ae 
is kept in its place by hold-fast screws, and rendered ail 
Dy lime luting. The hydraulic main is a long “ai: 
12 or 14 inches in diameter, into which the p 











that level. This fluid is of a very complicated natu 
and ammoniacal liquor are the terms applied to 
component parts 5 these being condensed in the 
main, serve to seal the ends of the dip pipes, and 
stantly running off into what are termed the tar vessels. 
products of the distillation, which are not thus in the f 
place condensed, are conveyed by a pipe continued from the 
hydraulic main, through a series of tubes or other contrivances 
0 as to expose a large and cold surface. This part of the ap- 
paratus is called the condenser; pepper st 
are brought to the liquid state, and are collected in an appro- 

priate receiver. The uncondensed gases then pass on to the 
Inrifiers, which are vessels so constructed as to expase them 
to the action of a very large surface of lime and water, or of 
slaked lime, by which carbonic acid and sulphuretted og 
ure abstracted, and thence the gas, now purified, passes int 

the gasometers, where it is stored up for use. 

In the largest gas manufactories of London, from 500 to 
600 retorts are employed, each of which is charged four times 
‘a day with two bushels of coal. ‘They are ranged in rows on 
either side of the retort-house, and the flues from their respec- 
tive furnaces are generally so arranged as to meet in ae 
tral chimneys but as coke is the usual fuel used for 
the retorts, there is commonly little or no smoke, Each ¢ 
dron of coals submitted to distillation, yields on an 
24 gallons of tar, ammoniacal liquor, and other 




















MANUFACTURE OF COAL GAS. 327 


products, and 12,000 cubic fect of purified gas: while there 
remains in the retort a chaldron and a quarter of coke. To 
purify these 12,000 cubic feet of gas, there is required about 
one bushel of lime, which after its removal from the purifying 
vessels, is used for making mortar, luting the retorts, and other 
similar purposes, while the fetid liquor which rung from it, is 
transferred to the ashpits of the furnaces, where it is consu- 
med by evaporation, its vapour passing through the fire, and 
tending materially to preserve the bars of the furnaces by 
keeping them cool, 

In a well-conducted gas establishment, two men are required 
for the management of sixteen retorts, which are charged 
four times in the 24 hours; during which time the retorts 
are kept perpetually at work, so that relays of men are re- 
quired for the night-work. In small gas works, the agitators 
of the purifiers are worked by handy but in the larger esta- 
blishments, there are usually one or more steum-engines on 
the premises for this purpose; and for pumping water, lifting 
coals, and other heavy work, 

Besides the apparatus already adverted to, which are es 
sential to the manufacture; there are several other ingenious 
and beautiful contrivances in the larger gas works, which may 
be considered as auxiliaries. One of these is the station meter: 
a large instrument, through which the whole of the gas passes 
in its way to the gasometers, and by which its volume is re- 
gistered, so that the quantity made during any given time can 
be immediately ascertained, and the weekly, monthly, or an- 
nual production accurately determined, The gas meter was 
invented by Mr. Clegu, formerly enginecr to the Chartered Gas 
Company. It consists of a hollow cylinder, which is made to 
revolve upon its axis by the ingress and egress of gas Into and 
from the compartments into which it is divided: the cylinder 
being partly immersed in water, and by a train of wheel-work 
connected with it, the number of its revolutions in a given 
time is registered, and the Bens of cubic feet of gas which 
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‘The oldest of the London gus works, is the establishment 
belonging to the original Chartered Company. ‘They have three 
stations; the largest situated in Peter steect, Westminster; the 
second in Brick lane, St. Luke's; and the third in Curtain 
road, Shoreditch. ‘This Company consumes aunoally 50,000 
chaldrons of coal; the produce of which, in gas, may be es- 
timated at about six hundred million cubic feet, or about 
eighteen million seven hundred and fifty thousand pounds 
weight of gas. It may be assumed that each chaldron of coals 
weighs 2880Ibs., and yields an average produce of 12,000 
cubic feet of purified gas. The prime cost of gas is abont 
four or five shillings per 1000 cubic feet; the usual retail price 
is from seven to ten shillings per L000 eubie feet. 

The Chartered Company probably supply about a ith part 
of the whole of the gas consumed in London and the suburbs; 
so that the total annual consumption of coal, employed for 
this important manufacture in the London district only, pro- 
bably exceeds two hundred and fifty thousand chaldrons, and 
the quantity of gas produced for the supply of this district, 
dunounts annually to three thousand million cubic feel, ‘The 
weight of this quantity of gas exceeds 75 millions of pounds, 
and the light produced by its combustion, may be considered as 
equivalent to that which would be obtained by the combastion 
of 160 millions of pounds of mould candles of six to the pound, 

The operations of the London Gas Light Company, whieh 
was established in 1833, are ona scale of great magnitude. 
‘This Company was called into existence by the dissatisfaction 
which existed amoung gas consumers, at the defective supply 
both in quantity and quality previously afforded. ‘Their works, 
situated at Vauxhall, are not only the most powerful, but the 
most complete in arrangement of any in the world. From 
this point, their mains ramify to « prodigious extent in Mid- 
dlesex as well as Surrey, and by the admirable mode in which 
they are laid, aided by the power of their works, they are en- 
abled to supply gas at Highgate hill, (several miles off.) with 
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the sume precision and in the same abundance as at Vaoxhall. 
‘The extent of their pipes exceed 160 miles, 

The wconomy of gas-illumination may be judged of by ex- 
amining the value of the products of distillation of a chaldron 
of coals, the average cost of which may be considered as 25s. 
It should afford 








xa d, 
1} chaldron of coke, at 13s, 016 3 
24 gallons of tar, ammoniacal liqu 020 


12000 cubic feet of gas, at LOs. per 1000c.f. G 0 0 
£618 3 
‘These products are taken nearly at their lowest value, but 
they afford ample grounds for showing the advantage of gas- 
ilumination, not merely for public purposes, but also in pri- 
vate establishments. It appears, that where about one hun- 
dred lights are required, a conl-gas apparatus will be found 
profitable. 
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The following table by Dr. Ure, shows the fatslive intensi- 
ties of light afforded by the combustion of different candles. 
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A pint of the best sperm oil, weighing about 13 ounces, 
“burns in a well-trimmed Argand lamp about 10 hours. 

Ignition, The commencement of ignition, or rather ‘of ine 
candescence, which is a better term, (as ignition may be con- 
founded with the commencement of a totally different process, 
that of combustion,) may be placed ut about 800° Fahrenheit. 
Sir Isaac Newton calculated the temperature at which iron 
‘begins to shine iu the dark, to be 695°, but we know it must 
be much higher than this, because mercury is quite invisible 
at its boiling temperature, which is 662°. Daniell measured 
with his metallic pyrometer, the lowest paint at which heated 
iron appears red-hot in day light, and found it to be 980° F. 
but antimony is distinctly luminous at its melting point, 810°, 
and it was shown by Davy, that fusible metal becomes lumi- 
nous at 812°; so we cannot be far wrong if we place the com- 
mencement of ignition at 800°, a full red-heat at 1200", and. 
an orange heat at L650", 

Tt is not surprising that there should be such uncertainty, 
attending the exact temperature at which incandescence com= 
mences, when it is considered, that itis to the evidence of 
sight alone to which we have to appeal; and this is a very 
imperfect measure of illumination, as similarly illuminated 
objects, convey to different individuals very different ideas of 
brightness. Let two picccs of white paper be differently il- 
luminated by common candles; let one be exposed to the light 
of a single candle, and the other to the light of ten candles, 
and let these be viewed by any number of individuals, it will 
be found that no two will agree in their estimates of the relative: 
degree of illumination.* If, then, the eye be so imperfect 4 
judge of the degree of illumination, it is extremely probable, 
that when the illumination becomes so faint as to be barely 
perceptible, it will begin to be perceived by different persons 
when it arrives at different degrees of intensity. It is ex= 
tremely probable, if not certain, that the same object placed 
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in a dark room, will be pronounced to be lominous by one 
person, and not so by another; and it is absolutely certain 
that an object may be luminous to the eyes of certain animals 
when it is perfectly invisible to the human eye. Sight, there- 
fore, is by no means a certain test of the presence of light; 
and consequently, is an extremely inadequate means of de- 
termining the commencement of ineandescence. If, however, 
incandescence be defined to be, the commencement of that 
state in which, whether light be actually emitted or not, suffi- 
cient light is emitted sensibly to affect the human eye; then 
the temperature of incipient incandescence must be taken as 
the average or mean of the results given by different ob- 
servers. 

Jt is not easy to ascertain the degree of heat produced by 
the direct rays of the sun, because it is apt to be dissipated as 
fast as it accumulates. M. de Saussure made a little box, lined 
with fine dry cork, the surface of which was charred, to make 
it black and spongy, in order that it might absorb the greatest 
possible quantity of the sun’s rays, and be as bad a conductor 
of caloric as possible, It was covered with a thin glass plate. 
When this box was set in the sun’s rays, a thermometer laid 
in the bottom of it, rose in a few minutes to 221°, while the 
temperature of the atmosphere was only 75°. Professor Ro- 
bison constructed an apparatus of the same kind, employing 
three very thin vessels of flint glass, which transmit more beat 
than any of the other species of glass. They were of the 
same shape, arched above, with an interval of § of an inch 
between them. They were set on a cork base, prepared like 
Saussure's, and placed on down, contained in a pasteboard 
cylinder, With this apparatus, the thermometer often rose on 
a clear summer day to 230°, and once to 287°. Bren when 
set before a bright fire, the thermometer rose to 212°. But 
when the rays of the sun are concentrated by a burning glass, 

© Lariaor on Heat.—Page 342, 

t+ See Block's Lectures. 547. 
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‘These facts do not, however, form exceptions to the general 
law, that when heat is accumulated in bodies to a certain 
amount, it causes them to emit light—and that, on the other 
hand, when light is accumulated in them, it causes them to 
become hot. This is evident, when we consider the prodigious 
difference between the intensity of the solar and lunar rays. 

Itwas shown by M. Bouguer, by a very simple and ingenious 
set of experiments, that the illuminating power of a solar ray, 
is 300,000 times greater than that of a lunar ray of the same 
size* “Indeed,” says Thomson, “ we may satisfy ourselves 
by a very simple calculation, that this estimate of Bouguer, is 
not below the truth. During a part of every lanation, we 
have an opportunity of seeing the moon in the sky at the 
sume time with the sun. If we compare the moon under such 
cirenmstances, with a white cloud, when any such happen to 
be in its neighbourhood, the brightness of the moon and the 
cloud, appear to the eye very nearly identical; so that the 
moon emits no more light than is emitted during the day by 
a white cloud of the same visual size. When the whole sky 
is covered with white clouds, the direet rays of the sun are 
intercepted ; but the light of the day is very nearly the same 
as if the sky were unclouded-and the sun shining. — It follows 
from this, that the light emitted by the moon, is to that emit- 
ted by the sun, as the apparent size of the moon to that of 
the whole sky. Now the moon, when its usual diameter is at a 
maximum, does not cover one millionth part of the hemispbere 
of the sky. But let us take Bouguer's ineasurement, and let 
us admit that the direct rays of the sun are capable of eleva- 
ting the thermometer 237°, The rays of the moon would 
only possess yyyyyath part of this effect, or pyyyth part of 
a degree, so that when concentrated 306 times, the effect 
would scarcely amount to tthof a degree.” But Dr. Thomson 
supposes that the light of the moon is, at least psoters of 
Limes less intense than that of the sun; so that their heating 


* Mom. Paris, 1726; p. 12. 
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of them. Three parts of this powder were mixed with one 
of flowers of sulphur, and rammed into a cracible which was 
kept red-hot for an hour. The brightest parts of the mixture 
were then scraped off and kept for use in a dey and well- 
stopped phial. When this composition is exposed for a few 
seconds to the light, it becomes sutticiently luminous to cuable 
a person to distinguish the hour on a watch by it, After some 
time it ceases to shinc, but recovers this property on again 
being exposed to light. Dr. Higgins has added considerable 
improvements to the method of preparing Canton’s pyropho- 
ros. He stratifies the oyster shells and sulphur in a cracible, 
without pounding them; and after exposing them to a proper 
heat, they are put into phials furnished with ground-glass 
stoppers. 

Heat and light are, therefore, evidently intimately connected 
with each other, and the conclusion may be drawn, that if a 
sufficient quantity of heat be supplied to any body, that body 
will ut length become luminous; and therefore, that light is 
invariably a consequence of heat, when that heat attains a 
certain degree of intensity; the quantity of heat necessary 
for the production of light, differing, according to the nature 
of the body which contains that heat; those having a less 
specific heat, requiring a less supply of heat to render them 
luminous. 

Flanie. All the interesting phanomena connected with 
flame, depend upon the gradual combustion of the various 
elastic compounds of carbon and hydrogen. 

Sir H. Davy, defined flame to be the combustion of an ex- 
plosive mixture of inflanunable gas, or vapour with air, and 
when continuous, it is maintained by an uninterrupted flow of 
these elastic fluids into the atmosphere, with which they 
slowly mingle. The temperature of flame is, under certain 
circumstances, very intense, and not at all dependent on the 
degree of light emitted; perhaps, the purest fame which we 
can exhibit, is that of bydrogen gas, the illuminating power of 
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which, is well-known to he exceedingly feeble; aevertheless, 
4 piece of fine platina wire, becomes immediately white hot 
when held in it, and other metals are generally either melted 
or burned. 

‘That the temperature of flame must be very high, consider- 
ing it to be luminous gascous matter, is proved by the fact, 
that gold will become red-hot in heated air, though no appear- 
ance of luminosity can be perceived in the air itself. Mr, 
Wedgewood took an earthenware tube, bent so in the middie 
that it could be sunk and make several turns in a large cruci- 
ble filled with sand. To one end of this tube was fixed a 
pair of bellows; at the other end was a globular vessel, in 
which was a passage furnished with a valve, to allow air to 
pass out but none to enter, There was another opening in 
the globular vessel filled with glass, that one might see what 
was going on within. The crucible was put into # fire; and 
after the sand had become red-hot, air was blown through the 
earthen tube by means of the bellows. ‘This air, after passing 
through the red-hot sand, came into the globular vessel, It 
did not shine; but when a piece of gold wire was hung at 
that part of the vessel where the carthenware tube entered, 
it became luminous; a proof that though the air was not Tu- 
minous, it had been hot enough to raise other bodies to the 
shining temperature. 

‘The nature of flame may be learned, by observing with at- 
tention the flame of a candle. It will be found to consist of 
three parts, as shown in Fig. 85. a, is the cone of Fig. 85. 
vaporized combustible ; 8, the sphere of partial com- 
bustion; c, the sphere of complete combustion. & 
When the candic is first lighted, a sufficient degree 
of heat is produced to liquefy the tallow, which 
rises in the wick by capillary attraction. It is there i 
converted into vapour, and meeting with the oxygen 
of the atmosphere, undergoes decomposition. It 
is the hydrogen of the tallow or wax that principally burns in 


STRUCTURE OF THE PLAME OF A CANDLE. 339 





the sphere s, while the carbon is rendered white-hot by the 
combustion, and is deposited:—upon this deposit of carbon 
the light entirely depends, and hence, luminous flame has 
justly been described by Davy, as always containing solid mat~ 
ter, healed to whiteness. The reason that the carbon does not 
combine with oxygen in n, is becnuse the supply of air is li- 
mited, and hydrogen having a stronger affinity for oxygen than 
carbon, enters first into combination with that element. In 
the sphere n, there is consequently excess of inflammable mat- 
ter, ond itis often referred to as the deoxidizing or reducing 
flame; it takes oxygen from some metallic oxides, as arsenious 
acid and litharge, and developes their metals. The combustion 
in then is incomplete, and it is in the exterior cone e, that 
the deposited carbon meets with abundance of oxygen to ef- 
fect its entire consumption. This sphere contains excess of 
oxygen, and as its properties are, therefore, exnetly the re- 
verse of those of B, it is called the owidizing flame. In Fig. 96, 
a more complete view of these parts of flame is presented ; 
the dark part, 4, is the magazine of inflammable Fig, 86. 
vapour; ¢, is the luminous part, covering it like a A 
nd ¢, is the thin and slightly mminous 4) 
covering where the oxidizing process is complete, // @) 
Every person who has looked attentively at the 

flame of a candle, must have remarked that the 

lower part is due; this arises from the cooling in- i 





fluence of the current of air, which enters the flame 

at this part, and is characteristic of carbonic oxide, 

It is very easy to demonstrate the nature of the chemical pro- 
cesses which are going on in flame. On presenting a piece of 
polished steel, as a pair of bright snuffers, to the side of the 
flame, about balf an inch from it, it will speedily become co- 
vered with precipitated moisture, showing that water is formed 
and projected from all sides of the flame; and on presenting 
a drop of clear lime-water on the end of a glass rod, it will 
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very soon become milky, indicating the formation of carbonic 
acid. 

‘Thus it appears, that flame is a superficial envelop of Iu- 
ininous gaseous rmatter, the interior of which contains no 
oxygen. By bringing a piece of thin glass down pon a flame, 
its structure is seen very clearly, and by bringing a thin sheet 
of plativum foil down upon the flame of a Jarge spirit-lamp, 
and thus trancating it, a red-hot ring will appear upon the 
metal coincident with the edge of the flame, and testifying by 
its dark centre to the coldness of the interior, That the in~ 
terior contains no oxygen is proved by plunging a piece of ig~ 
nited phosphorns, in a metallic spoon, into the body of a lange 
flame; it will be instantly extinguished: and in a very satis- 
factory mannee also, by muking a ring of tow, about two 
inches in diameter, and a quarter of an inch thick, moistening 
it with spirits of wine and setting it on fire, having previously 
placed in the centre of the ring, a small piece of lighted wax 
taper, which will be extinguished the moment that it is en- 
yeloped by the flame of the burning alcohol. 

‘That the quantity of light emitted by flames, is dependent 
on the incandescence of minute particles of solid matter, is 
shown by @ variety of interesting experiments. ‘Thus, on 
sifting some calcined magnesia through the flame of hydrogen 
gas, its luminosity is increased to a surprising degree; now 
we know that there is no chemical action going forward here, 
magnesia being in no way acted upon by hydrogen; the in- 
crease of light is evidently, therefore, caused solely by the 
presence of finely divided solid matter. To what is the in- 
tense light caused by the action of the oxy-hydrogen blow- 
pipe on lime owing? Evidently, in a great measure, to the 
separation of minute particles of the earth in an incandescent 
state, as is proved by the fact, that the top of the lantern, used 
with the oxy-hydrogen microscope becomes, after a little use, 
covered with solid lime, in an unaltered state. To what are 
‘we to ascribe the very great difference in the intensity of the 
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light, caused by the combustion of phosphorus in oxygen on 
the one hund, and in chlorine gn the other? In the former 
case, the light emitted is so exceedingly brilliant as to be pain- 
ful to behold for any length of time, but in the latter, the light 
is so feeble as hardly to be perceptible in the light of day. 
Did the degree of Juminosity depend on the intensity of the 
chemical action, then the combustion of phosphorus in chlo- 
rine ought to emit the most light, since that substance takes 
fire and burns spontancously in chlorine, which it does not 
do in oxygen. The real cause is, that in the one case there 
is produced, as the result of combustion, phosphoric ucid, which, 
at the moment of its production, is a solid, in a fine state of 
division, while in the latter case, a liguid chloride of phospho- 
rus is generated. The light of hydrogen is very feeble, be- 
cause it is a simple and pure gaseous substance; that of ole- 
fiant gas is very brilliant, because it contains a large proportion 
of carbon. ‘The combustion of spirits of wine produces car- 
bonic acid and water, the light consequently is very fecble 
though the heat is very great. By holding a cold body, such 
as a knife-blade, in the fame of a spirit-lamp, it will not even 
be stained, but if it be held in the luminous part, ¢, of the 
flame of a candle, it will instantly become covered with car- 
bon, from which, by its conducting power, it abstracts the 
temperature necessary for the support of combustion. The 
luminous property of flame then, depends on the separation 
of solid matter, and in all ordinary flames this solid matter is 
carbon, which first becomes white-hot, and is then consumed, 

When sufficient heat is abstracted from a burning body it 
is extinguished; by blowing on the flame of a candle, the 
current of cold air lowers the temperature of the burning mate 
ter to such a degree that it can no longer continue burning; 
and when a piece of white-hot iron is exposed to the atmos- 
phere, the nitrogen absorbs so much of its heat, that it cannot 
combine with the oxygen with sufficient aridity to exhibit the 
phenomena of rapid combustion. ‘The same is the case with 
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gases, for when those mixtures which burn briskly are mixed 
with other gases in which that property does not reside, they 
become cooled down below the temperature necessary for their 
combination. Hydrogen gas requires a temperature of about 
700° to be enabled to combine with oxygen gas; and if both 
gases be mixed together and kindled, the burning parts com- 
municate to the adjacent parts the temperature necessary for 
their combination. If the hydrogen be caused to burn in the 
atmosphere, it must create by its combustion, sufficient heat 
to raise the temperature of the nitrogen to 700°. By adding, 
however, more nitrogen to a mixture of hydrogen gas and at- 
mospheric air, for instance, seven times as much as itmaturally 
contains, then this excess of nitrogen absorbs so much heat 
that the oxygen and hydrogen no longer continue to burn. 
The same effect takes place by adding to one volume of a mix= 
ture of gases, consisting of one volume of oxygen, and two 
volumes of hydrogen, eight volumes of oxygen, or nine volumes 
of nitrogen gas. Of carbonic acid it is only necessary to add 
half as much. Phosphorus, on the other hand, which com~ 
ines at common temperatures with oxygen gas, abstracts the 
Jast trace of that principle from a mixture of gases, 

It is possible to extinguish a flame by bringing close to it a 
large surface of a good conducting substance: a jet of burning 
gas will have its volume considerably diminished by bringing 
down upon ita thick cylinder of brass, and a small flame of 
hydrogen will be extinguished if a large mass of copper be 
held close to it though it do not actually touch the flame. If 
a stout metallic wire be held in a flame, a dark cing may be 
observed all round it, and it will never appear to touch it. A 
second wire held by the side of the first, would increase the 
dark space, and the dark rings would coalesce. By multiply- 
ing the number of wires, or holding in their place a piece of 
wire gauze, the flame will appear to be entirely cut off on the 
top. The cooled gases would, however, still flow on in their 
course, and might be rekindled upon their upper side. Fig. 
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87, exhibits the appearance of a flame on which # piece of 
wire gauze has been brought down; the gascous matter passes 
through the net-work, but its temperature 
is so reduced that it cannot burn; but on Fig. 87. 
applying a flame it may be rekindled, as 
shown in Fig. 88. 
‘The gauze employed in these experiments 
should be made of copper wire, from yyth 
to »,th of an inch thick, and have at least 
400 meshes to the square inch, By allow- 
ing light carburetted hydrogen gas (fire 
damp of coal mincs,) to flow from a re- Fig. 88. 
cciver, and holding before the cock, «, Fig. 
89, such a kind of net, J, the stream of gas 
passes through the meshes, and burns when 
ignited before the netting, but not behind 
it; proving that the temperature of the 
flame is so reduced by the metal, that it 
cannot communicate to the gas on the other Fig. 89. 
side of the gauze, the temperature ne- 
cessary for the support of combustion. 
‘This property of metallic tissues to in- 
tercept flame was discovered by Sir H. 
Davy, and made by him the basis of one 
of the happiest and most intellectual in- 
ventions that falls to the lot of the scientific 
historian to record: viz.—the safety lamp. 
‘The frequent tremendous explosions of the inflammable gas, 
spontaneously evolved in coal mines when it became mixed 
with atmospheric air and was accidentally inflamed, and the 
great destruction of human life consequent on such explo- 
sions, rendered it an object of the highest importance to de- 
vise some plan either for lighting the mines in such a way as 
to avoid the risk of inflaming the inflammable gas, or of de- 
stroying its explosive ya Several attempts were made 
% 
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than a second was required before the flame reached from one 
end to the other; and that in tubes of one-seventh of an inch 
in diameter, explosive mixtures could not be fired when they 
were opened in the atmosphere; and that metallic tubes pre- 
yented explosion better than glass tubes. In reasoning upon 
these various phenomena, it occurred to Davy, that as a con- 
siderable heat was required for the inflammation of fire-damp, 
and as it produced in burning, comparatively a small degree 
of heat, the effect of carbonic acid and azote, and of the sur- 
faces of small tubes in preventing its explosion, depended 
upon their cooling powers: upon their lowering the temperatare 
of the exploding mixture so much that it was no longer suffi- 
cient for its continuons inflammation. This idea led to an 
immediate result,—the possibility of constructing a lamp in 
which the cooling powers of the azote or carbonic acid formed 
by combustion, or the cooling powers of the apertures, through 
which the air entered or made its exit, should prevent the com- 
munication of explosion. A variety of lamps were constructed, 
all of which proved the correctness of the principle, and the 
conclusion was finally arrived at,—that a melallic tissue, how= 
ever thin and fine, of which the apertures filled more space 
than the cooling surface, so as to be permeable to air and light, 
offered a perfect barrier to explosion, from the force being di- 
vided between, and the heat communicated to an immense 
number of surfaces, and a lamp was made in which the light 
was surrounded entirely by wire gauze, the same tissue 
being made to feed the flame with air and emit light. This 
Tamp was found to be safe, for when it was planged into an 
explosive mixture, Davy had the great satisfaction of perceiv~ 
ing the whole cylinder become quietly and gradually filled 
with flame, and the upper part get red-hot without an explosion 
being produced. The lamp was further protected by increasing 
the cooling surface in the top, and its efficacy further teste 
by placing it in a large receiver, through which there 
current of air, and, by means of a gasometer, filled with co 
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gus, the current of air which passed into the lamp was 
made more or less explosive, and caused to change rapidly or 
slowly at pleasure, so as to produce all possible varieties of 
inflammable and explosive mixtures, and it was found, that 
iron-wire ganze, composed of wires from one-fortieth to one~ 
sixtieth of an inch in diameter, and containing twenty-eight 
wires, or 784 apertures to the inch was safe under all circum- 
stances, in atmospheres of this kind;—this material was, there- 
fore adopted, and in January 1816, lamps, thus guarded, were 
introduced into coal mines. 

Fig. 90, represents the Safety-lamp. A Fig. 0. 
cylinder of wire gauze, with a double top, 
is securely and carefully fastened down 
by doubling over toa brass rim, which 
screws on to the lamp, The whole is 
protected and rendered convenient for 
carrying by a frame and ring. If the ey- 
linder be of twilled gauze, the wire should 
be at least of the thickness of one-fortieth 
of an inch, and of iron or copper, and 30 
in the warp, and 16 or 18 in the weft to the 
square inch. If of plain wire gauze, the 
wire should not be less than onc-sixtieth of 
wn inch in thickness, and from 28 to 30 both 
warp and woof. 

When the miner is provided with one of 
these exquisite contrivances, he not only 
walks in safety and comfort, but is informed 
of the precise state of the atmosphere with 
which he is surrounded. The presence of 
firc-damp is indicated by the enlargement 
of the flame in the lamp, and if highly ex- 
plosive, the mixture takes fire a8 soon as it has passed through 
the gauze and borus on its inner surface, while the light in 
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the centre of the lamp is extinguished. This should be a 
warning for the miner to withdraw; for though the flame 
may not be able to communicate with the explosive mixture 
outside of the lamp, as long as the texture of the gauze re- 
mains entire; nevertheless, the heat produced by the com- 
bustion would soon oxidate the wire, it would fall in pieces, 
and the enemy would triumph, 

Since the introduction of the safety-lamp into coal-mines, 
those lamentable accidents which were so frequent, and which 
caused such deep distress amongst the families of the unforta- 
nate sufferers, have become diminished to such an extent that 
the friends of humanity have good cause to venerate the name 
of that distinguished Chemist, to whose sagacity and perseve- 
rance this invaluable invention is duc. Fatal aceidents never- 
theless, have occurred, even where the lamps have been em- 
ployed; in many cases these have been traced to negligence 
on the part of the workmen, who, being perfectly ignorant of 
the principle of the lamp, and in the constant habit of wit- 
nessing its efficacy, use it carelessly, appearing to think 
that so long as they have the lamp in their hands they must 
“be safe, paying no regard to the condition of the gauze, and 
not unfrequently trimming the wicks in the mine. Bat acci- 
dents also have occurred which cannot be traced to such 
sources; these are probably to be referred to the conditions 
under which the Lamp is safe. {It has been shown by Messrs. 
Upton and Roberts, that if the lamp be exposed to a current 
of explosive mixture, the flame may pass so rapidly as not to 
be cooled below the point of ignition, and in that case, an ac- 
cident might occur with a lamp, which would be safe ina 
calm atmosphere. ‘These jamp-manufacturers have, therefore, 
constructed lamps, in which the gauze is surrounded with a 
glass cylinder, and the air allowed to enter solely at the bottom 
of the lamp, through wire gauze of extreme fineness, placed 
horizontally, and to eseape at top by a similar contrivance. 
Lamps thus constructed, appear perfectly secure, and in the 
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event of the fracture of the glass, they would be merely re- 
duced to lamps of the usual construction; they give also more 
light, just as lamps in general burn better with a shade than 
without one. 

The student is recommended to procure several squares of 
brass wire gauze of different degrees of fineness, and to try 
their interceptive powers with various flames; by thus experi- 
menting for himself, he will learn more in five minutes than 
he would by reading for an hour. The following experiment 
is a very striking one. Place in the centre of a piece of rather 
fine gauze, about a foot square, a small piece of camphor; 
apply a light underneath the gauze; the vapour of the camphor 
will burn on the under side but the flame will not be commu- 
nicated above. 
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WITH OXYGEN—TESTS FOR ARSENIC—METHODS OF OPB- 
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HYDROGEN—SEPARATION OF ARSENIC FROM COPPER —AN- 
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AND QUANTITATIVE DETERMINATION OF —SEPARATION 
FROM PLATINUM—PLATINUM—ITS SOURCES, PROPERTIES 
AND COMPOUNDS WITH OXYGEN —TESTS FOR, AND QUAN= 
TITATIVE DETERMINATION OF—PAGLADIUM, IRIDIUM, 
RHODIUM AND OSMIUM—THEIR DISTINCTIVE CHARACTERS 
AND COMPOUNDS WITH OXYGEN — ANALYSIS OP SILICEOUS 
MINERALS— DECOMPOSITION BY ACIDS—BY FUSION WITH 
CARBONATED ALKALIES—BY HYDROFLUORIC ACID— 
ANALYSIS OF CLOSELY AGGREGATED MINERALS BY FUSION 
WITH CARBONATE OF BARYTES — ANALYSIS OF SILICEOUS 
MINERALS CONTAINING PHOSPHORIC ACID. 


It will not be worth while to enter very minutely into the 
difficult subject of gaseous analysis, for, there are only a few 
combinations that are likely to occur to the experimentalist, 
and the analysis of complicated mixtures, would not be under- 
taken by any but the expericnced in Chemistry, for whom 
instruction is not intended here. 

The following tables, (from Henry's Chemixfry,) exhibit a 
view of the different gases, und the fluids best adapted for 
preserving them. 

1, Gases which are best confined by mercury. 

OXIDES. COMBUSTIBLE, ACTD GASES, 
Protoxide of chlorine. Ammonia. Hydrochloric acid. 
Peroxide of ditto. Cyanogen. Hydriodic ditto. 

Sulphurous ditto. 
Flaoboric ditto. 
Fluosilicic ditto, 
Carbonic ditto. 
Chloro-carbonie ditto. 
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2. Gases conftnable by water. 
GASES THAT SUPPORT 


COMBUSTION. COMBUSTIBLE GASES, — INCOMBUSTIBLE. 
Oxygen. Hydrogen. Nitrogen. 
Chlorine. Carburetted ditto, Carbonic acid. 
Nitrous oxide. _Olefiant ditto. 

Nitrous gas. Phosphuretted ditto. 


Bi-hydruret of phosphorus. 

Sulphuretted ditto. 

Telluretted ditto. 

Arseniuretted ditto. 

Antimoniuretted ditto, 

Selenuretted ditto. 

Carbonic oxide. 
Most of these gases have been described in the preceding 
pages, and it will, consequently be unnecessary to advert 
again to their preparation, 

To ascertain whether any gas has acid or alkaline properties, 
aslip of litmus paper may be introduced; if it be reddened 
it is a proof that the gus is an aci the colour be unchanged, 
a slip of turmeric paper may be passed up, which will be 
changed to brown, if the nature of the gas be alkaline, 

To determine whether the gas is soluble in water, a portion 
of that fluid may be admitted to the gas, over mercury, ina 
graduated tube. 

Of the gases soluble in water, the following are the most 
remarkable :— 

Ammonia, of which 1 vol. water, absorbs 670 vols. 











Fluorie acid occ cacevcawaitenicesevennes 700 — 
Hydriodie ditto . - 500 — 
Hydrochlori¢ ditto. .... . 480 — 


Fluosilicic ditto... ...eeseceerrererses 260 — 
Sulphurous acid gas is soluble only to the extent of about 
33 times its volume of water, so that if, on introducing the 
water the whole gas should rapidly disappear, it must have 
consisted of one or more of paebors five gases. 
a 
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All the gases are more or less absorbable by water; the best 
method of observing which, is to apply the water previously 
deprived of air by long boiling, by means of the caoutchouc 
bottle and tube, represented in Fiy. 56, but the tube and bot~ 
tle should be much larger than are commonly used for eudio- 
metrical purposes. It is found that the absorbubility of gases 
is much influenced by their purity, consequently, the informa- 
tion which is gained by observing the effect of water on a 
gaseous mixture, is of a general charseter only. 

WATER ABSORBS, 
Chlorine gas. 
‘Twice its vol. of ...... . arte hydrogen. 
Selenuretted hydrogen. 
Nitrous oxide, 
Carbonic acid. 


: 7 Olefiant gas. 
$th of its vol. of......... $Bibyd of actos 


< VNitrous gas. 
tisth to xcth of its vol. of ‘Oxygen gas. 
qth to sloth of its vol. of t berm 
Nitrogen, 
Hydrogen, 
Carburetted hydrogen. 
Arseniuretted hydrogen. 

Two only of the gases, capable of existing at common tem- 
peratures over water, are distinguished by being coloured, 
viz, :—chiorine, which is yellowish green, and nifrous acid gas, 
which is deep orange red, the latter, however, being pretty 
rapidly absorbed by water, is only seen when first formed by 
the union of nitrous gas and oxygen. 

Some of the gases are characterized by a peculiar odour; 
that of chlorine and nitrous gas is too marked to be mistaken, 
Most of the compounds of hydrogen have powerful and dis~ 
agreeable odours ; while oxygen, nitrogen, hydrogen, carbu~ 
retted hydrogen, and olefiant gases have, if pure, no smell. 


An equal vol. of... .. 6... 


sloth to -yth of its vol. of 


el 
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A short description of the method of separating some of the 
gases most commonly met with, from cach other, and of esti- 
mating the quantity of each, will suffice for an elementary 
work like the present. 

Ist. Hydrogen, The method of separating this gas from 
oxygen, by detonation, in « yraduated eudiometer, is fully de- 
scribed in the sixth Lecture. After the explosion has taken 
place and the instrument got cold, it is necessary to ascertain 
whether the gas which remains be oxygen or hydrogen: for 
this purpose its volume is accurately measured, and an addi- 
tional quantity of oxygen, not less than half the yolome of 
the gas in the tube introduced. The electric spark is then 
passed again through the mixture; if it produce no dimi- 
nution of bulk, then the gas which remained, after the first 
explosion, was oxygen; if, on the contrary, a diminution of bulk 
should occur, then the gas which formerly remained, was 
hydrogen. 

But it is possible that the gas under examination may be « 
mixture of oxygen and hydrogen, and yet no explosion take 
place on passing the electric spark; this happens when the 
volume of either gas is too large in proportion to the other; 
if, for instance, the oxygen should be to the hydrogen in the 
proportion of 12 to 1; or the hydrogen to the oxygen as 26 to 
1; in either case the electric spark occasions no explosion, and 
the experimenter resorts to spongy platina, mixed with clay 
into a ball, and fastened to a platina wire, aa described in page 
175: by this means a combination of the gases can be effected, 
according to Turner, when the proportion of one to that of 
the other is as 1 to 100, This is a most 
freeing large quantities of oxygen from small 
drogen, and vice versi; but when detonation 
by the electric spark, this method should ab 

| 













balls employed in these 
more platina and less clay 
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about 1 part of the metallic sponge and two of clay compose 
balls sufficiently active. 

It may here be observed, that in all experiments with gases, 
it is quite necessary to pay attention to the barometer and 
thermometer. Rules for the correction for temperature and 
pressure are given in page 50, et seq. 

In the account of the composition of atmospheric air, several 
methods of separating oxygen from nitrogen were given; when 
the gaseous mixture consists of oxygen, hydrogen, and nitro- 
gen, the electric spark is first passed through the mixture 
without the previous addition of any other gas; after the ex- 
plosion the nitrogen remains behind, together with the excess 
of cither oxygen or hydrogen; a fresh portion of oxygen is 
then added, and the spark passed a second time; should an 
explosion occur, it proves that the gas remaining with the 
nitrogen afler the first explosion was hydrogen, and in this 
case the composition of the mixture is easily calculated; but 
if no reduction in volume takes place, then it was oxygen 
which remained with the nitrogen; pure hydrogen must, 
therefore, be added, and another explosion produced, and in 
calculating the result, the quantity of oxygen gas previously 
added to the mixture must be deducted. 

The only method by which the quantity of nitrogen gas, in 
@ gascous mixture is usually estimated, is by withdrawing the 
other gaseous substances with which it is mixed, as in the 
above examples; recently, however, a very valuable process 
has been introduced in which this gas is estimated, by first 
causing it to unite with hydrogen and form ammonia, and 
subsequently to make the ammonia enter into combination 
with chloride of platinum; a detail of this beautiful process 
will be given hereafter. 

Separation of the two gaseous compounds ef hydrogen and 
carbon :— 

Numerous as ure the compounds formed by hydrogen and 
carbon, there are only two existing in the gaseous form that 
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the chemist is often called upon to separate and estimate: these 
are carburetted hydrogen, (gas of marshes or fire damp,) and 
olefiant gas. They occur in the gaseous products of the distil- 
lation of coal and oil, and are thus separated from each other. 
Into a graduated tube, standing over water, admit 30 or 40 
measures of chlorine, and note its bulk when actually in the 
tube, which must be shaded by an opaque cover. Then add 
a known quantity (say 50 measures,) of the gas under exami- 
nation, and after ten minutes, cautiously lift the outer cover 
till the surface of the water appears. If the volume of the 
gases has suffered no diminution, we may infer the absence of 
olefiant gas; but if the united bulk of the two gases be less 
than the sum of their separate volumes; divide the diminution 
by twe, and the quotient will show haw much olefiant gas has 
been condensed.* This method is founded on the fact, that in 
the dark, chlorine combines with olefiant gus, but not with 
carburetted hydrogen, though, in the sunshine, it combines 
with the latter also, producing hydrochloric and carbonic acid 
gases. One yolume of chlorine combincs with one volume of 
olefiant gas, to produce chloric ether: hence, one half of the 
observed diminution is the volume of olefiant gas in the mixture, 

‘The proportion of these gases, when existing together in a 
mixture, may likewise be ascertained by detonation with oxy- 
gen, in the instrument shown in Fig. 49. It is not, however, 
a safe experiment, from the violence of the explosion, and 
when free hydrogen is present, it is by no means accurate. 

Carbonic acid. "he process for separating this gas, when it 
is the only acid gas present in the mixture, is very simple. The 
volume of the gases is first accurately measured in a graduated 
tube, standing over mercury, and « small stick of caustic potash 
introduced, having previously moistened and fixed it to an ig- 
nited harpsichord wire. The carbonic acid is absarbed by the 
potash, and the differcuce in the measurements of the volume 
of the mixture indicates its quantity, 


* See Heary's Chemistry. 
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over a weighed quantity of dry chloride or sulphuret of copper, 
exposed to a gentle heat; phosphuret of copper is formed, 
from which the composition of the phosphuretted hydrogen is 
calculated. 

Separation of hydrogen from sulphur :—If no other acid gas 
be present in the mixture to be examined, sulphuretted hydeo- 
gen may be absorbed by caustic potash; but when the contrary 
is the case, a concentrated solution of acetate of lead, mixed 
with neetie acid may be employed, and the quantity of sul- 
phuretted hydrogen calculated from the absorption; if hydro- 
chloric acid gus be present, it may be completely separated 
from sulpburetted hydrogen, by borax, which easily absorbs 
all the acid gases, even when it is employed in lamps. 

When sulphuretted hydrogen is dissolved in a liquid, as in 
sulphurous mineral springs, it is best to decompose it by a 
solution of nitrate of silver, or of chloride of copper; the re- 
sulting sulphuret must be collected on a filter, and completely 
oxidized by means of fuming nitric acid; it is thus converted 
into a sulphate: a salt of barytes is then added, and from the 
insoluble sulphate of that eurth which is produced, the quan- 
tity of sulphuretted hydrogen is easily calculated. 

For fuller details on the subject of the analysis of gaseous 
mixtores, the student is referred to the second volume of Dr, 
Henry's Elements of Chemistry, 

The metals. Before commencing a general description of 
the metals, and a brief sketch of the methods of quantitatively 
estimating them, it may be useful to say a few words on the 
apparatus required. For general purposes this is sufficiently 
simple. Digestions and solutions may be very well performed 
in cleansed Florence oil flasks, the thinness of which enables 
them to bear a boiling temperature without breaking. Berlin 
ware digesting vessels, of various shapes and sizes, may be ob- 
tained at the philosophical instrament makers; they are very 
cheap, and from the high temperature to which they may be 
exposed without danger, they are invaluable in the laboratory: 
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when in full heat, an upper pot, é, is added, of the same di- 
mensions as the middle one, with a large opening in the side, 





cut to allow the exit of the smoke and flame. It has also an 
iron stem, with a wooden handle, for removing it occasionally. 

When this furnace is used, it is raised on a stand, and the 
nozzle of a pair of double bellows, brought towards the aper- 
ture in the lower picce, but not inserted. The fire is lighted 
by a piece of brown paper and a little small coal, and is sus- 
tained either with coke or small coal, or with coke alone. The 
coke is sifted of two sizes, and preserved in boxes with a ladle 
to supply it to the fire. In this little furnace cast-iron ean 
easily be melted.* 

A roomy sand-bath is so desirable, that much should be done 
to secure one; but where a proper sand-bath furnace cannot 
conveniently be constructed, a common fire-place may be ar- 
ranged as in Fig. 93, taken from Dr. Reid’s Practical Chemistry. 
From the manner in which the grate ix here set; a sand-bath 
may be placed immediately above the fire. For this purpose, an 
iron plate is fixed in the chimney, a fannel-pipe conveying the 
smoke from the fire into the vent, a constant draught is thus 

* ‘Those small blast furnaces may be bad complete, with the bellows, of 


Knight & Sons. Fors description of other forms of chemical furnaces, 
“ Chemleat Manipulation,” and Dr. Honrs’s ‘ Chemistry," may be consulted. 
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spared to secure a good balance. In wldition to a pair of scales, 
that will weigh from one ounce up to three or four pounds, 
or more, and turn with two or three grains, a pair should 
be at hand for general laboratory purposes, capable of weigh- 
ing from half a grain to two or three ounces, and turning with 
about one-third of agrain, when fully loaded. Messrs. Knight 
construct very useful laboratory balance, fitted up with con- 
venient arrangements for determining specific gravities, capable 
of weighing two or three ounces, and of tarning with jth of 
agrain, ‘This is sufficiently delicate for almost every purpose 
that the beginner in Chemistry requires ; but much more sen- 
sible and highly-finished instruments are required in the labo- 
ratory of research,—one, for instance, which will weigh from 
600 to 1000 grains downwards, indicating distinctly and cer- 
tainly differences equal to syegth or gypeth part of the weight 
in the scale.* Itis hardly necessary to observe, that the greatest 
care should be taken to preserve the delicate seales from ex- 
posure to the vapours which are constantly escaping in the pro- 
gress of operations, and from the dust and dirt inseparable 
from the laboratory. 

Particular care must be taken in the selection of filtering 
paper. It should be sufficiently porous to admit the free and 
ready passage of fluids; strong enough to bear the weight of a 
considerable quantity of fluid; close enough to retain the finest 
solid particles ; and s0 pare as to give nothing to the solution; 
or if heated with the substance retained upon it to occasion no 
admixture of ashes, Some Chemists reject the use of filters 
altogether; others use them but never burn them with the 
substance retained, removing as much as possible, and caleu- 
lating the remainder, by bringing the filter, before and after 
the operation, to the same degree of dryness: others, always 
burn the filter with the substance, and where the purity of the 
paper can be relied upon, this is undoubtedly the most correct 

© In Parsday’s Chemical Manipulation, mach useful information respecting the 
verification of weights and scales will be found. 
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method of proceeding. In order to ascertain the purity of 
filtering paper, a piece should be burnt and its ashes examined; 
the fewer it yields the better it is adapted for filters. Paper 
may now be procured in London, a sheet of which does not 
yield more than half a grain of ashes, and which is, therefore, 
admirably adapted for any case of investigation however minute. 
For further details in manipulation, the reader is referred to 
Faraday’s useful work, already so frequently quoted. 

Potassiwm :—K: (Kalium) Eq: 490. This alkaline metal has 
been described ina former lecture. Its compound with oxygen— 
potash is distinguished from soda and all other substances, 
Ist: by a strong solution of tartaric acid, which produces a 
precipitate of crystalline tartrate of potash, in # liquid con- 
taining one per cent of any potash salt; this precipitate docs 
not appear immediately, but is speedily determined by stirring 
the liquid briskly with a glass rod. 2nd: by hyperchlorie acid, 
which occasions a similar precipitation. 3rd: by hydroflao- 
silicic acid, which throws down a gelatinons precipitate, the 
double fluoride of silicon of potassium sparingly soluble. 4th: 
by chloride of platinum. ‘To apply this latter test, which is 
the one generally preferred, the solution containing potash 
should be neutralized by muriatic acid, the chloride of platinum 
then added, and the whole evaporated to dryness by a steam- 
heat. Water, with an admixture of alcohol being digested on 
the dry residue, takes up every thing but the double chloride 
of platinum and potassium. 

Sodium :—Na: (natrium) Bq: 291. ‘This alkaline metal has 
also been described. Its compound with oxygen—soda, is 
easily distinguished from all other salts when in solution by its 
own carbonate, which produces a precipitate with all salts but 
those of the alkalies: from potash it is distinguished by the 
tests above enumerated, and by the yellow colour it communi= 
cates to flame. With sulphuric acid it forms the well-known 
Glauber’s salt, crystallizing in large eflorescent prisms, 

Ifa solution be suspected to contain both potash and soda, 
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a portion should first be tested by chloride of platinum, and 
another portion evaporated to dryness, and heated before the 
blowpipe ;—if potash be indicated by the first test, and the 
colour of the outer flame of the blowpipe tinged violet colour, 
then potash alone is present, but, if the flame be tinged yellow, 
then the presence of both alkalies may be inferred. 

‘To separate soda from potash, Berzelius converts both salts 
into chlorides, and after heating to incipient redness, mixes 
with them 3} times their weight of crystallized double chloride 
of sodium and platinum; he then dissolves in a very small 
quantity of water, and evaporates by a gentle heat to dryness. 
The residue is treated with spirits of wine, which dissolves the 
chloride of sodium, and the excess of chloride of sodium and 
platinum, while the chloride of potassium and platinom re- 
sulting from the double decomposition remains behind undis- 
solved; this salt is washed with spirit of wine, and dried at a 
very gentle heat, and the calcalation made aecordingly. ‘The 
quantity of chloride of sodium is found by dedueting the weight 
of the chloride of potassium from the weight of the mixed 
chlorides. 

Ammonia. When free, this compound is easily distinguished 
from the other alkalies by its odour; it is climinated from all 
its combinations, by gently heating with caustic potash :—with 
chloride of platinum, it forms a yellow double salt, which may 
be mistaken for the double chloride of platinum and potassium, 
but when heated to redness, nothing is left but spongy plati- 
‘num, whereas, the chloride of platinum and potassium leaves 
all its potassium in the state of chloride mixed with the plati- 
num. 

Lithium;—L: Eq: 80°33, This is the metallic base of the 
rare alkaline oxide, Ii it was discovered by Arfwedson in 
1818, The claim of lithin to be ranked amongst the alkalies, is 
derived from the alkaline reaction and solubility (though spa- 
ring) of its carbonate. It tinges the flare of the blowpipe of 
a brilliant red colour, by which it is distinguished from soda. 
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Jt may be separated from potash and soda, (provided no other 
bases are present,) by phosphoric acid and phosphate of soda, 
a neutral double salt of sparing solubility, containing 15°08 per 
cent, of lithin being formed.* 

Barium :-—Da: Eq: 8569. The metallic base of the carth 
barytes, discovered by Sir H. Davy in 1808, by the voltaic de- 
composition of moistened carbonate of barytes in contact with 
mercury. Barytes exists abundantly in nature, principally in 
the states of sulphate and carbonate. It is obtained pure by 
calcining its nitrate, or, which is better its iodate. Kane re- 
commends mixing the nitrate of barytes with twice its weight 
of the sulphate before ignition, by which the swelling up of 
the melted salt is much diminished. Caustic barytes is also 
very conveniently prepared by exposing a mixture of pow- 
dered sulphate of barytes, with one-fourth of its weight of 
charcoal powder, to a strong heat for about two hours; care 
bonie oxide gus is evolved and sulphuret of bariuny remains, 
which is to be dissolved in water, and boiled with black oxide 
of copper till a drop of the solution occasions no discoloration 
in solution of acetate of lead; insoluble sulphuret of copper 
is formed, and caustic barytes remains in solution.— Mohr. 

‘There is no difficulty whatever with regard to the quantita- 
tive determination of barytes, when it exists in solution with 
the alkalies, its sulphate being completely insoluble not only 
in water, but in all dilute acids; it is only necessary, therefore, 
to add to the solution dilute sulphuric acid, und after the pre- 
cipitatc has subsided, filter, wash, dry, and ignite it; 100 parts 
consist of 34°37 sulph: acid, and 65°63 barytes. 

Strontium: Sr: Bq: 547-3. The preparation of this metal 
is similar to that of barium, to which it bears a very strong 
resemblance—its compound with oxygen; s¢rontia may be ob- 
tained in the same way as that described for the preparation 
of barytes, It is not so heavy an carth as barytes, nor is it 
so caustic. It is said not to be poisonous, whereas, all the 


* Berselius. 
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Ata red heat, carbonate of lime loses its carbonic acid; on 
the large scale, quicktime is obtained by burning the ordinary 
limestone in kilns ; but for chemical purposes, the earth is ob- 
tained pure by strongly heating cale-spar or Carrara marble in 
u loosely-covered crucible. Lime has a strong affinity for wa- 
ter, and is much nsed by the Chemist to deprive certain liquids, 
such as alcohol, of the water they contain. Considerable heat 
is evolved during the combination of lime with water, and in- 
stances have been known of ships at sen, laden with lime, being 
burnt, by water penctrating to the hold. 

‘The uses of lime in the formation of mortar, and as a ma- 
nure are well known; we shall have an opportunity of ad- 
verting to the latter of these applications in our next Lectures 
with respect to the former, we may observe, that the action of 
lime is purely mechanical, acting solely by the attraction of 
aggregation, and uniting the stones between which it is placed 
in the same manner as glue unites two pieces of wood. ‘The 
absorption of carbonic acid by lime, in the state of mortar, is 
exceedingly slow, and never complete even in the oldest build= 
ings. Some limestones are found containing 20 per cent. of 
clay or silicate of alumina; these afford lime, which forms 
with water, 2 mass which becomes solid in a few minutes, and 
which is, therefore, admirably adapted for hydraulic mortar. 
When clay and chalk are mixed and culeined, or when paz 
zolano,* ground to fine powder, is added to hydrate of lime, 
an hydraulic mortar is formed which is known by the name of 
Roman cement.—Graham. 

Lime enters largely into the composition of the animal frame, 
it is the basis of the bony or testaceous skeleton, that of the 
vertebrated animal, consisting principally of phosphate, and 
the shell of the invertebrated animals of carbonate of lime, 
‘The teeth also consist of phosphate of lime; and in all these 
cases the phosphate of lime is associated with fluoride of cal- 


* A-volcanic substance, composed principally of pumice, of which » stratum is ex= 
cavuted in the neighbourhood of Pomtuoll, nesr Naples. 
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cium. The supply of lime in the mineral state, arises from the 
destruction of its animal sources, the densest and hardest 
limestone to the softest chalk, resolving itself ultimately into 
& congerics of animal remains, and ali the great geological 
formations which contain carbonate of lime, consisting of 
the aggregated shells of myriads of the tribes of invertebrated 
animals, which had existed in some former period of the world’s 
history. “ Notwithstanding, therefore,” observes Dr. Kane, 
the vast extent of its distribution over the surface of the 
globe, it is questionable whether lime should not be looked 
upon as rather a characteristic of the animal than of the mi- 
neral kingdom of nature.” 

Sulphate of lime not being altogether insoluble in water, 
oxalate of ammonia is generally employed in the quantitative 
estimation of this earth; the oxalate of lime being quite in- 
soluble in water, though it is dissolved by oxalic acid, Itis 
not, however, usual to estimate the quantity of lime in the 
state of oxalate, but to convert it into carbonate, after being 
well washed, and dried by ignition in a platinum crucible, 
taking care to add a small fragment of carbonate of ammonia 
to prevent the lime from becoming canstic. 100 grains of car- 
bonate of lime consist of 55 lime and 45 carbonic acid. 

When lime is to be separated from strontia and barytes, the 
following process is recommended by Rose. Precipitate the 
burytes by hydrofluosilicic acid; then mix the filtered solution 
with sulphoric acid. Upon evaporating the mixture to dryness 
and igniting the dry mass, a mixture of sulphate of strontia 
and sulphate of lime is obtained. ‘This is mingled in a plati- 
num crucible, with three times its weight of carbonate of soda, 
or carbonate of potash, and the mixture is melted. After the 
fusion, water is poured over the melted mass, and an insoluble 
substance is obtained, which consists of carbonate of strontia 
and carbonate of lime, These carbonates are then dissolved 
in nitric acid very carefully, so a3 to avoid all excess of acid, 
and employing a gentle ea ; ane solution is evaporated to 

8: 
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dryness in a flask which is closed immediately thut the saline 
mass is cry, and when cold, absolute alcohol* is poured in and 
well agitated; the nitrate of lime dissolves completely in the 
alcohol, but the nitrate of strontia remains undissolved; the 
latter is then collected on a filter and washed with absolute 
alcohol, with as little access of air as possible; it is then dried 
and weighed. The solution of nitrate of lime is diluted with 
water; the alcohol driven off by heat, and the lime precipitated 
by oxalate of ammonia. 

Magnesium: Mg: Eq: 1583. Bussy gives the following 
process for obtaining this metal. Into the bottom of a tube 
of hard glass, place a few fragments of potassium, and on 
them a small quantity of anhydrous chloride of magnesium ; 
heat the latter to its fusing point by means of a spirit lamp; 
then convert the potassium into vapour, and cause it te come 
into contact with the heated chloride; vivid ignition takes 
place, chloride of potassium is formed which may be dissolved 
by water, and metallic magnesium of o silvery whiteness re~ 
mains. This metal is malleable and fusible at a red heat, but 
in dry air, or even in dry oxygen gas it undergoes no change, 
but when heated it burns brilliantly, forming magaesia. 

Magnesia, the only known oxide of magnesium, is an earth 
well known in pharmacy in three states, 18 magnesia sata, mag- 
nesia alba, (the hydrated carbonate,) and sulphate qf magnesia, 
or Epsom salt. ‘The carbonate of magnesia oceurs native, and 
is known as magnesite, and a compound of the carbonates of 
Time and magnesia, or the magnesian limestone, (dolomite) is 
very extensively diffused. Pure magnesia is prepared by ex- 
posing the carbonate of magnesia of commerce to a fall red 
heat, by which the carbonic acid is entirely expelled. 

Magnesia is a substance, the quantitative determination of 
which is attended with considerable difficulties, particularly 
when the fixed alkalies are present. The presence of magne- 


* Alcohol, free from water, obtained by distilling rectified spirit of wine at a mo- 
derate heat, from carbonate of potash, or chloride af enlotum. 
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sia in a solution, is best ascertained by rendering the liquor 
alkaline by ammonia, and then adding phosphate of soda; a 
erystalline double salt, the phosphate of ammonia and mag- 
nesia is formed. Ina solid compound magnesia may be de- 
tected by igniting a small portion on charcoal before the blow- 
pipe, moistening the ignited assay with a solution of nifrate of 
cobalt, and again strongly heating it,—the mass acquires a pale 
red colour if magnesia be present: this reaction is, however, 
prevented by the presence of metallic oxides, alkalies, or 
earths. 

When the object is to determine the quantity of magnesia 
alone in a solution, it may be done by boiling for a long time 
with a considerable excess of carbonate of potash; evaporating 
carefully to dryness, and pouring boiling water aver the resi~ 
due, carbonate of magnesia remains undissolved, and the small 
quantity of the earth that has escaped precipitation as care 
donate, may be removed from the solution, and estimated by 
adding, first, a solution of phosphate of soda, and then am- 
monia; the crystalline deposit which subsides after a time 
must be ignited, by which it is decomposed, phosphate of 
magnesia remaining, which may be calculated to contain 40 
per cent. of magnesia. When magnesia is to be separated 
from lime, the best plun is to dissolve both earths in mu- 
tintic acid ; evaporate to dryness, and heat in a platina capsule 
till acid fares cease to rise, then raise the heat to redness and 
add chlorate of potash in successive portions as long as chlo- 
Tine is evolved; digest the residual mass in water, and wash 
dry and ignite the insoluble residue, which will be magnesin; 
the lime may then be separated from the solution, by adding 
carbonate of soda in excess. This method gives very accurate 
results, and is less troublesome than the plan proposed by 
Lewis Thompson, viz: Dissolve the combined earths in di- 
lute nitric or muriatic acid and precipitate the filtered solution 
by excess of carbonate of soda; dry the precipitate, and place 
it in a coated green glass abe “heat to redness, and pass well 
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washed chlorine through the tube for a few minutes; the lime 
will thus be converted into chloride of calcium, but the mag~ 
nesia remains unacted upon. The lime is precipitated as 
above by carbonate of soda, 

When alkalies are present and have to be estimated, the 
separation of magnesia is attended with very great difficulties. 
Rose gives the following method. Convert the magnesia and 
fixed alkalies into sulphates ; ignite, and mix with acetate of 
barytes, by which the sulphuric acid is separated, the acctates 
produced are then to be ignited, by which they are converted 
into carbonates, those of the alkalies being soluble, may be 
removed by hot water from the carbonates of barytes and 
magnesia, ‘The alkaline carbonates may then be ignited, and 
converted into sulphates, and estimated as such; the carbon- 
ates of barytes and magnesia are then to be dissolved in mu- 
riatic acid, and the barytes separated by sulphuric acid; the 
magnesia remains in solution as sulphate of magnesia, as 
which it is to be estimated. 

Aluminum: Al: Eq: 1712. This metal is obtained from 
its chloride by the action of potassium, in the same manner as 
magnesium, but the decomposition must be conducted in a 
platinum or porcelain crucible. Alumina is the only known 
oxide of aluminum; it is not, however, a protoxide tike mag- 
nesix, its composition being 





Aluminum. .,... . 533 
Oxygen. c. i.e .e +» 467 
100 


It is, therefore, to be considered as a sesqui-oxide, being re- 
presented by the formula, Al, O,. 

Alumina is a very extensively diffused earth, more so even 
than lime, There are few rocks of which it is not the prin- 
cipal ingredient, and it constitutes the great mass of ordinary 
clays and soils. In the arts it is applied to a varicty of 
important uses, as in the manufacture of earthenware, tiles, 
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bricks, &e.; in dyeing, as a basis or mordant for which it is 
yery extensively used. Alumina is found in nearly a pure 
state in two precious stones,—the sapphire and the ruby, It 
is obtained pure in the laboratory, by udding carbonate of 
potash to a solution of alum* in boiling water, thoroughly 
washing the precipitate thereby produced, which is very bulky 
and gelatinons, re-dissolving in dilute hydrochloric acid, and 
re-precipitating by carbonate of ammonia, It is necessary to 
be very particular in washing these precipitates in order to get 
rid of every portion of the liquids in which they were preci- 
pitated. Alumina shrinks very considerably in drying, being 
reduced to a few hundredths of its bulk, when moist: it is, 
however, even then combined with water, from which it can 
be entirely freed by exposure to a white heat; itis then dis- 
solved by acids with great difficulty. Alumina is remarkable 
for its tendency to unite with organic matters. If a cotton 
cloth be immersed in a solution of acetate of alumina, the 
earth will deposit itself completely on the fibres of the cotton, 
and leave the acetic acid free, (Kane,) hence the application of 
the salts of alumina to dycing; calico printing, &c. 

Alumina in solution, is distinguished from the alkaline salts 
by producing a white precipitate with ammonia, from barytes, 
lime, and strontia, by producing no precipitate with sulphuric 
acid, and from magnesia by its solubility in caustic potash, and 
its subsequent precipitation by muriate of ammonia, 

When a solid compound containing alumina, is heated on 
charcoal and then moistened with solution of nitrate of cobalt, 
and strongly heated by the blowpipe; a fine blue colour is com= 
municated to the assay, —Derzelius. 

* ‘The double eulphate of aluming and potash. This eal is extensively: 
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colourless solution of pure chloride of manganese is obtained, 
which gives, with ferrocyanate of potash, a pale pink precipi- 
tate, without any trace of blue. The chloride of manganese 
may then be decomposed by carbonate of soda, and from the 
carbonate thus obtained, uny of the other salts of the metal 
may be formed. 

Manganese is remarkable for the number of compounds 
which it forms with oxygen. There are five, viz:—the pro- 
toxide, Mn O, the sesqui-oxide, Mn,Q,, the per-oxide, MnO,, 
manganic acid, MnO,, and permanganic acid, MnO, ‘The 
protowide of manganese is a greyish-green powder, very sus- 
ceptible of further oxidation; it may be obtained by exposing 
toa red heat in a platinum crucible, a mixture of chloride of 
manganese with twice its weight of carbonate of soda, and a 
small quantity of sal-ammoniac; chloride of sodium and ear 
bonate of manganese are formed, but the carbonic acid of the 
latter is driven off by the heat, and the hydrogen of the sal~ 
ammoniae prevents the manganese from passing to a higher 
state of oxidation —Grakam—Kane. It is not, however, easy 
to ensure success in this experiment. A more pleasing me~ 
thod of making this oxide, is to pass a stream of dry hydrogen 
gas through a hard glass tube containing some artificial per- 
oxide,* and heated to redness. 

The sexquiovide of manganese is found in nature pore in the 
mineral draunide, and combined with water, in the mineral 
manganite, It possesses the property of staining glass | 
or violet. 

The peroxide of manganese occurs pure and crystal 
mineral pyrotusite, and combined with water, in the n 
wadd, It is met with in considerable abundance, | 
pure form, in Devonshire, Aberdeenshire, and 
This oxide is used to give a black colour to. 
move the brown colour which glass derives 












Obtained by decomposing the prota-chlotila by 
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iron, and sometimes also to sweeten foul water at sea, or to 
prevent its becoming so.—Brande. 

Manganie acid \s incapable of existing in an isolated form. 
Manganate of potash is obtained by strongly heating the per- 
oxide with nitrate, carbonate, or caustic potash; a green fused 
mass is obtained, which, in consequence of its solution passing 
rapidly through several shades of colour has obtained the name 
of mineral chameleon. Dr. Gregory gives the following conve- 
nient process for preparing this singular compound. Mix 4 
parts of peroxide of manganese in fine powder, with 3} parts 
of chlorate of potash, and add 5 parts of hydrate of potash 
dissolved in a small quantity of water; the mixture is to be 
evaporated to dryness, powdered, and afterwards ignited in a 
platinum crucible, but not fused, at a low red heat. Digested 
in a small quantity of cold water, this affords a deep green 
solution of the alkaline manganate, which may be obtained in 
crystals of the same colour by evaporating the solution over 
sulphuric aeid in the air pamp.—Graham. 

Permanganic acid may be obtained in solution by decom- 
posing manganate of barytes with a proper quantity of sul- 
pharic acid; itis of a deep crimson colour. Mangunate of 
barytes is obtained by fusing peroxide of manganese with ni- 
trate of barytes. 

Besides these oxides of manganese, there are two other 
complex oxides, viz —the red oxide, which forms the mineral 
hauzmanite, and which is produced when any oxide of man- 

ane strongly heated in the air; and warvacite, a mineral 
by Mr. Phillips:—the formula for the first is Mn, 
in and for the latter, Mp,O,, or Mn,Q,+ 











ha white, or pale-red precipi- 
sh, a brown precipitate; and 
yellow or fleshered proci~ 
charcoal, they give, with 
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borax or microcosmic salt* in the outer flame, » bead of an 
amethyst colour, which disappears in the inner flame, and 
with soda, a bead of a green colour. When the manganese: 
is not in the state of protoxide, the solution is always coloured 
either red or green. 

When manganese in solution is to be este 
mated, it may be precipitated by carbonate of potash in the 
same manner ns magnesia; the resulting carbonate, after | 
well washed, must be converted into the brown oxide by ig- 
nition, in a platinum crucible, When itis to be separated 
from magnesia, the solution containing the two substances 
must be rendered acid, or treated with muriate of ammonia, 
hydrosulphuret of ammonia is then to be added, and the re~ 
sulting sulphuret of manganese filtered and washed without 
interruption with water, to which hydrosulphuret of ammonia 
has been added. ‘The sulphuret of manganese is then to be 
dissolved in muriatic acid, and precipitated as above by carb: 
potash. When alumina, magnesia, and lime are present in 
solution with manganese, and when the quantity of the latter 
is small, the solution must first be treated with murinte of am- 
monia, the alumina then precipitated with caustic ammonia, 
and the lime by oxalate of ammonia; the magnesia and man- 
ganese may then be separated as above described; but if the 
quantity of manganese be larger, it should be precipitated by 
hydrosulphuret of ammonia, immediately after the sepuratic 
of the alumina, and the lime precipitated afterwards, 
care to acidulate the liquor with hydrochloric acid and 
it ceases to smell of sulphuretted hydrogen. ‘There is no 
culty attending the separation of mangunese from 
since, after rendering the solution alkaline by 
may be completely precipitated by hydrosulphuret: 
nin. 

Tron: Fe: (ferrum) Eq: 339-2 or 349-4. 


* ‘The ammoula-phosphate of sods, formed by disolving 
Phosphate of vod, with wo of oryatallized phorphate of ax 





















2 ANALYSIS OF INON ORRS. 


Example :—25 grains of good English iron pence | 
in hydrochloric acid, peruxidized by a current of chlorine, and. 
the solation boiled for 1} hours, with 42 grains of voltaic cop- 
per. 14% grains remained undissolved, conseireea i eg 
had been taken up: therefore, a’ 
as 395-7 (eq: of copper): 349-4 (eq: of iron) aay 
= the quantity of iron in the specimen examined, 
‘97°12 per cent. 

Again:—25 grains of black cast iron, digested for several 
hours ata gentle beat in hydrochloric acid, and treated as. 
above, left 15% grains of copper undissolved, showing 23-4 
grains, or 93°6 per cent. of iron in the specimen. - 

If we take the number 339°2 for the equivalent of iron, ac~ 
cording to Berzelius, the calculation will not give us the actual 
amount of metal; but several Chemists prefer the number 
349-4, or 28 on the hydrogen scale, with which the calculation. 
agrees very closely. 

Professor Fuch finds that the success of this method of 
analysis is not interfered with by the substances ordinarily met 
with in iron ores, such as silica, alumina, magnesia, lime, oxide 
of titanium, protoxide of manganese, phosphoric acid, sul~ 
phurie acid, &c., and as it is conducted without mneh trouble: 
and with very little expense, it must certainly be regarded as 
‘a very valuable addition to analytical Chemistry, 

Protosalts of iron are immediately recognized when in 80- 
lation, by giving, with ferrocyanide of potassium, (yellow 
prussiate of potash) a precipitate, which, if the air be excluded 
is white, bat which is usually of a light blue colour, becoming 
dark blue by exposure to the air, and with ferricyanide of 
potessivm, (red prussiate of potash,*) an immediate dark 
blue precipitate, insoluble in acids. When fused in micro- 
cosmic salt, protogalts of iron communicate to it a green co- 
lour, which disappears when cold, Persalts of iron are known 


* Formod by transmitting chlorine gus, through a solution of ferrocpunide, 10 it 
xno loager gires a precipitate of Prussian blue, with a persalt of fron; 








COBALT. 383 


in solution by producing an immediate dark blue precipitate 
with yellow, and none at all with red prussiate of potash; a 
deep blood-red colour, but no precipitate with sulphocyauide 
of potassium; and a deep violet or black with tincture of 
galls. 

Jn whatever state iron is contained in a substance, itis always 
estimated as peroxide, the precipitant for which is caustic 
ammonia, When peroxide of iron is to be separated from 
protoxide of manganese, lime, alumina, magnesia, and a fixed 
alkali, muriate of ammonia is first added to the solution; it is 
then supersaturated with ammonia, the precipitate which falls 
contains the peroxide of iron and the alumina, together with 
small portions of manganese and magnesia. ‘This mixture is 
then digested with caustic potash, by which the alumina is 
disaolved, and the peroxide of iron is separated from the small 
quantities of magnesia and manganese, by redissolying in hy- 
drochloric acid, and precipitating by succinate of ammonia. 

Cobalt; Coz Eq: 360, This metal is obtained from the 
impure oxide, known in commerce as zafire; it is reduced in 
a spongy form, but may be fused into a button at a heat infe- 
rior to that required to melt cast iron; it is then a brittle 
metal of a reddish grey colour. It forms, with oxygen, two 
compounds,—CoO and Co, QO, corresponding with the two 
oxides of iron. The protoxide is obtained by adding caustic 
potash to any salt of cobalt; as a hydrate, it is of a fine blue 
colour, but after ignition it is ash grey. The peroxide is 
formed when chlorine is passed through water in which the 
protoxide ix suspended; it is black, both as a hydrate and 
when free from water. 

In solution, cobalt is recognised by producing, with ammo- 
nia, a blue precipitate, which is redissolved by exoess of the 
alkali, changing colour on exposure to the air, eventually be- 
coming of a fine rose-red colour, (Aane,) if the cobalt be pure, 
but brown if nickel be present. Before the blowpipe, cobalt 
salts are detected with the ee case, the smallest portions 


—— 
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colour borax and microcosmic salt strongly blue. The use of 
cobalt in the arts is founded on this property; glass is coloured 
dcep blue by cobalt, and when ground to an impalpable pow- 
der it constitutes smalt, which is used to give to writing paper 
and linen a delicate shade of blue. The bluc colours on porce~ 
Jain and stone-ware are also produced by cobalt; and alumina, 
coloured strongly blue by cobalt, is used in commerce as a 
pigment, cobalt dive, in place of ultramarine. 

‘The best precipitant of oxide cobalt is caustic potast. 

Nickel. Ni: Eq: 369-7. ‘This metal is extracted either 
from the native arseniuret, or from a metallic substance, which 
collects at the bottom of the crucibles in which smalt is pre- 
pared; it is an artificial arseniuret, and is known by the name 
of xpeiss. Nickel is a metal of a silvery white colour, rather 
more fusible than cast iron, It has little tendency to rust even 
in damp air. It is remarkable for being magnetic nearly as 
much so as iron. It is highly ductile. The alloys of nickel 
are very white and brilliant, hence, when added to brass in 
the proportion of one to five, it is employed as a substitute 
for silver, constituting German silver, nickel silver, argentine, 
‘as well as the packfong long used in China. Nickel forms 
with oxygen, two compounds, NiO, and Ni, O,, corresponding 
to the oxides of cobalt and iron. Protoxide of nickel may be 
obtained either by igniting the nitrate or carbonate, or by pre~ 
cipitation from its salts by an alkali; when free from water, it 
is an ash-grey powder, but as a hydrate it is apple-green. 
The peroxide is obtained in the same manner as peroxide of 
cobalt, which it much resembles in properties, 

Nickel is distinguished in solution by giving, with potash, 
an apple-green precipitate, not soluble in excess of the preci~ 
pitant; and with ammonia, a pale green precipitate, soluble 
in excess of the alkali, forming a blue solution; with 
prussinte of potash, a very pale green precipitate; 
hydrosulphuret of ammonia, a black precipitate, 
ting at the same time a black colour fo the 
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Like oxide of cobalt, the best precipitant of nickel is caustic 
potash. 

When oxide of nickel is to be separated from oxide of cobalt, 
and both quantitatively estimated, the best method is the fol- 
lowing, recommended by Phillips. The solution, prepared by 
muriate of ammonia, is to be supersaturated with ammonia, 
and then diluted with n considerable quantity of water, which 
has been previously boiled to free it from atmospheric air; 
the hot solution is then treated with a considerable quantity 
of caustic potash, which, if the solution contains a sufficient 
quantity of ammoniacal salt, will precipitate the whole of the 
oxide of nickel, and leave the oxide of cobalt in solution, 
which may be known by the colour of the liquor, changing 
from blue to bright red. After removing the precipitated oxide 
of nickel, the oxide of cobalt is to be precipitated by hydro- 
sulphuret of ammonia, washed with water, mixed with hydro- 
sulphuret of ammonia, then digested with nitro-hydrochlorie 
acid, by which it is decomposed, and having removed the sul- 
phur by filtration, the oxide of cobalt is to be precipitated by 
caustic potash, 

Zine: Zax Eq: 4032. This metal is extracted from the 
native carbonate, (calamine,) or sulphuret, (zinc blende,) by 
the assistance of carbonaceous matter, in large earthen re- 
torts of a peculinr construction. It is of a blueish-white 
colour, brittle when impure, but capable of being beaten out 
into leaves when pure. When exposed to the air, its surface 
acquires a grey film of suboxide, which protects the metal 
from further change, hence, its application to domestic and 
technical purposes. 

Oxide of zinc, ZnO, is formed by the combustion of the 
metal in a stoneware crucible: to obtain it, fragments of zine 
may be thrown in a red-hot crucible, and another crucible in- 
it; the oxide is deposited on the outside of the 

s a loose cottony mass, of a fine canary colour 
h poten cold. It is supposed thar 
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other oxides of zinc exist, but they have not yet been studied. 

Oxide of zine is precipitated when in solution by long 
boiling with great excess of carbonate of potash, or it may be 
precipitated, first, as sulphuret of zine by hydrosulphuret of 
ammonia, and then, after digesting with strong hydrochloric 
acid, to separate the sulphur, it may be precipitated by car- 
bonate of potash ; from peroxide of iron, it may be separated 
by caustic ammonia, which precipitates the former but not 
the latter, unless it greatly preponderates. 

Cadmium: Cd: Eq: 696. This metal is found in small 
quantities, in ores of zinc, from which it is separated by sul- 
phuretted hydrogen. It is white, like tin; very ductile and 
malleable. It fuses considerably under a red heat, and is 
nearly as volatile as mercury. metal of no importance, 

Copper: Cu; Eq: 395:7. This most valuable and exten- 
sively diffused metal is found native and crystallized, but the 
ore from which it is extracted for purposes of commerce, is 
copper pyrites, a double sulphuret of copper and iron, Much 
skill and experience is required in reducing this ore, for, as 
neither copper nor iron are volatile, it is necessary to oxidate 
and convert the iron into a fusible slag by roasting the ore in 
contact with siliceous matter, and then by repeated caleinations 
and additions of small portions of sand, gradually to expel the 
sulphur and the remainder of the iron. Much copper is ob- 
tained by throwing fragments of old iron into reservoirs in 
which the drninage water of copper mines is collected. This 
water holds much sulphate of copper in solution. 

‘The general characters of copper are well known, Tt ranks 
in hardness next to iron, and is one of the most malleable of 
the metals. Itis incapable of decomposing water, except at 
a bright ved heat. At ordinary temperatures, if air be exelu- 
ded, the generality of the acids are without action on copper, 
but its oxidation is promoted in a remarkable manner when 
air has access to it; under these circumstances, the feeblest 
acids act upon it, and hence it is, that the metal has oceasion- 
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ally found its way into culinary preparations with fatal effects, 
the soluble salts of copper being highly poisonous, 

Copper forms with oxygen, suboxide, Cu,O, and protoxide, 
CaO. The suboxide of copper exists in nature, constituting 
ruby copper ore: artiticially, it may be prepared by igniting 
five parts of black oxide with four of copper filings, er by 
fusing three parts of subchloride of copper,* and two of dry 
carbonate of soda. Itis a reddish-brown powder, and as it 
resisis the action of air and moisture much better than the 
metal itself, it is usual to convert the surface of the vessels of 
copper into suboxide, or bronze them as it is termed. ‘This is 
effected by covering them with a paste of red oxide of iron, 
which, when heated, is reduced to protoxide, and by digesting 
in a boiling solution of acetate of copper, the vessels are freed 
from the protoxide of iron and cleaned. 

Protoxide of copper, which is the base of the ordinary salts 
of copper, is best prepared by the ignition of the nitrate. It 
is remarkable for the facility with which it is reduced, at a low 
red heat, by carbon and hydrogen, a property which renders it 
exceedingly useful in the analysis of organic substances, as 
will be seen in the next lecture. 

When ammonia is added to solution of oxide of copper, a 
greenish precipitate is produced, soluble in an excess of am- 
monia, producing « fine blue solution. Oxide of nickel has 
been stated to behave in the same manner with this reagent, 
but the two metals are easily distinguished by yellow prussinte 
of potash, which, with copper, produces a fine chocolate- 
coloured precipitate. The surest way of detecting slight 
traces of oxide of copper in solation, is to precipitate it in the 
state of metallic copper by clean iron, as the blade of a knife. 

Organic substances do not interfere with this test, though 
they do in a remarkable manner with others. Ammonia, for 
instance, does not communicate a blue colour to a solution of 
copper, contaminated by non-volatile organic substances, un- 
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less the oxide of copper be present in considerable quantity, 
and the colour of the liquor may be too dark to allow the de- 
tection of the poisonous metal by yellow prussiate of potash, 
when, for instance, it is contained in red wine. 

When the object is to detect the presence of copper, in 
food which has been boiled in copper vessels; or in bread, 
which has been adulterated with very small quantities of blue 
vitriol, the best method of performing the operation ix as 
follows:—mix the substance into a paste with water, and 
heat it first gradually, and then for a quarter of an hour at a 
full red heat in a Hessian crucible, with twice its weight of 
pulverized crystals of carbonate of soda. When the mass “is 
cold, moisten it with water and pulverize very finely in an 
agate mortar, then pour on more water, and after stirring well, 
pour it off with the chareoal powder in suspension; continue 
this till all the charcoal is removed, und if any copper be 
present it will be found at the bottom of the mortar in the 
state of minute copper coloured scales. A portion of the 
substance, unmixed with the alkaline carbonate, should be 
Inid at the bottom of the crucible, to prevent any accident 
which might arise from the action of the alkali on the crucible. 

‘The best precipitant of oxide of copper, in quantitative de- 
terminations, is caustic potash. From iron it is separnted by 
sulphuretted hydrogen, the sulphuret of copper being svbse- 
quently oxidized by nitric acid, converted into sulphate by 
sulphuric acid, then precipitated by caustic potash. In weigh- 
ing oxide of copper, it must be remembered that it attr; 
thoisture very eagerly, it should, therefore, be it 
platina crucible, and put into the scale the momen 
ciently cooled, the crucible being closely shut 
Many of the alloys of copper are of consid 
With gold, it forms a fine yellow ductile 
coin and ornamental work. Standard 
+1 copper.—Brande. With silver, 
compound, used also for coin, 
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* number of alloys, the most important of which is brass:* 
with tin, it forms bronze, gun-metal, bell-metal, and speculum- 
metal.t It has been before stated, that an alloy, consisting of 
one part of nickel to five of brass, is much employed asa 
substitute for silver, under the name of German or nickel 
silver, Mr. J, D. Smith gives the following method of analy- 
zing this compound, which I have found to answer well. The 
alloy is dissolved in nitro-muriatic acid, the solution strongly 
acidified with muriatic acid and diluted with water; the cop- 
per is then precipitated in the usual manner by sulphuretted 
hydrogen, and after its separation, the solution containing the 
zinc and nickel is carefully evaporated to dryness, and re- 
dissolved in water acidulated with acetic acid. It is then di- 
luted, and sulphuretted hydrogen again passed through in ex- 
cess; by this means, the oxide of zinc is completely separated 
from the oxide of nickel in the state of sulphuret of zinc, and 
the nickel is then thrown down as a hydrate from the remain- 
ing solution, (which is previously heated, to expel the sul- 
phuretted hydrogen,) by caustic soda, The hydrate of nickel 
is reduced by strong igni to protoxide, and weighed, 

Lead: Pb: (plumbum) Eq: 12945. For purposes of com- 


© The dest brass consists of four equivalents of copper to one of zine, ani by 
changing the proportions of the metals, a variety of shades of gold lustre, used in 
counterfeit Jewellery are obtained. Hard solder, used in uniting together nurfnces of 
ress and copper, consists of copper and eine in equal parte. In the analysis of brass, 
itis wot advisable to atterupt the separation of the osile of copper from its solution 
buy caustic potash, ax & portion of oxide of xine always falls with it, ‘The eomplete 
separation of the (wo metals is, however, perfeotly oifected by sulpburetted hydrogen, 
passol through the acidulatod solution, 

t The bronze used fit the earlicst ages, us a substitute for steel, ia found to have 
the exme compotition aa that now employed in the casting of statues and monuments, 
namely, 90 of copper and 10 of tin, Gun-metal is an inferior broare, containing less 
tin. The best bell-metal consists of 80 parts of copper and 20 of tin; this is also the 
‘componition of the Indian gongs, but in common bells thore is leas tia, and in place of 
At some lead and zinc. The besatiful speculam-metal, used for the minror-surfsce in. 
reflecting telescopes, is formed of 127 parts of copper and 39 of tiny the whiteness ix 
improved by the addition of a little arsenic. The analysis of alloys of tin and copper 
may be performed by digestion in nitric acid, which dissolves the copper and converts 
the tin into an insotuble prroxide, consisting of 78°4 tin, and 21°6 oxygen. 
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merce, this metal is extracted from galena, the native sulphu- 
ret. The ore is heated to redness in a current of air, by 
which part of the sulphur is burned, the remainder, with the 
lead, becomes oxidized, sulphate of lead being formed; more 
ore is then added, and at the same time lime, which assists 
the reduction of the sulphate of lead by combining with the 
sulphuric acid, leaving oxide of lead, which is reduced by the 
fuel, The general characters of lead are well known. It 
‘melts at G12, When in mass, it is not disposed to combine 
rapidly with oxygen, bat its surface, which when newly cut is 
very brilliant, rapidly tarnishes. Pure or rain water cannot 
be kept in vessels of lead without becoming impregnated with 
the hydrated oxide, which is highly poisonous; spring water 
does not, however, become affected, in consequence of the 
sulphates and chlorides, which it usvally contains, converting 
the oxide of lead into an insoluble salt.—Christison. 

Lead forms, with oxygen, two direct compounds, PbO, and 
PbO., besides an intermediate oxide, Pb,O. Protoxide of lead 
any be prepared as a hydrate, by decomposing a soluble salt 
of the metal by caustic potash, taking care to avoid great ex- 
cess of the precipitant, which redissolyes the oxide. The 
litharye of commerce is prepared by exposing metallic lead at 
ared heat toa carrent of air; protoxide of lead is produced 
which fuses and crystallizes on cooling: massicot is the same 
oxide produced at alower temperature. This oxide of lead 
combines with most of the alkalies and earths, forming com- 
pounds more or less soluble. When lime and li 
boiled together, a erystallizable compound is formed, w 
when applied to the hair, dyes it black, in conse 
formation of a sulphuret of lead, from the 
existing in the halr.—Kane. 

Peroxide of Jead is of a dark earthy brown: 
obtained by digesting the protoxide in chlorine 
solution of chloride of time. 

Minium or red-lead, is formed by bh 
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pient redness; oxygen is absorbed till one-third of the metal 
is converted into peroxide, wud the compound has the consti- 
tation 2PbO+ PbO, 

Dilate sulphuric acid is an excellent test for lead in solution, 
it produces a white precipitate, readily distinguished from the 
earthy sulphates by its solubility in eaustic potash, and by its 
instantly becoming black when moistened with hydrosulphuret 
of ammonia. 

lodide of potassium forms, with soluble salts of lead, a yel- 
low precipitate, which, by boiling, assumes the appearance of 
scales of gold leaf. 

Salts of lead, when n i with soda, and heated on char- 
coal, before the blowpipe, in the inner or deoxidizing flame, 
are reduced to metallic globules, which may be known to be 
lead by being easily flattened by the hammer. 

When mixed with organic matters in solation, lead may be 
detected by passing « current of sulphuretted hydrogen through 
the liquor, and the metal itself demonstrated by subsequently 
fusing the sulphuret with soda, on charcoal, before the blow= 
pipe; but when [end is mingled with solid organic substances, 
itis detected by fusion in a Hessian crucible, with carbonate 
of soda, as directed for copper. 

In quantitative determinations the best precipitant for oxide 
of lead is oxalate of ammonia; the oxalate of lead being sub- 
sequently converted into protoxide, by ignition, in a platina 
crucible, From oxides of nickel, cobalt, zinc, iron, mangun- 
ese, and from the curths and alkalies, it is completely separa 
ted by sulphuretted hydrogen, and from oxide of copper it ix 
separated by converting the solution of both oxides in nitric 
Hn to dryness and pouring water 
the sulphate of copper, 

ould a small portion 





























392 BISMUTH. 


According to Gustayus Switzer, (sce L. & E. Phil: Mag: 
vyol. 8, page 267,) many chemical preparations, such as the bi- 
carbonates of potash and soda, the sub-carbonates of magne- 
sia and ammonia, &ec., are contaminated with lead. The 
source of this impurity is to be traced, partly to the employ~ 
ment of leaden vessels, and partly to the white glass bottles 
used in this country, which, according to Faraday, contain 
33°28 per cent. of oxide of Iead. Alkaline substances, and 
particularly caustic alkalies, act very powerfully on white glass, 
hence, bottles made of this glass, are not fit cither for chemi- 
cal or medical purposes. 

When an alkaline fluid contains lead, the best test that can 
be applied, is the hydrosulphuret of ammonia, as this reagent 
will detect s5ares gt of crystallized acetate of lead, Chro- 
mate of potash is also an excellent test, it will indicate traces 
of lead when sulphate of soda ceases to do 80. 

Bismuth; Bi: Eq: 886-9, or 26607, This metal is found 
in the metallic state, and is separated from the rocks through 
which it is disseminated by simple fusion. It is a white metal 
with a peculiar reddish shade, and highly erystallizable.  Itis 
very brittle und easily oxidizable, for though sulphuric acid 
acts on it with difficulty, it decomposes nitric acid with vio- 
lence. It is employed extensively in the formation of stereo- 
type plates. Its alloys are remarkable for their fusibility, and 
its amalgam is highly liquid. An alloy of 8 parts bismuth, 5. 
lead, and 3 tin, melts at 202°, and one of 2 bismuth, 1 lead, 
and 1 tin, at 20075, 

Bismuth combines with oxygen in two proportions, 
BiO, and BiO, The first, or protoxide, is a 
powder, formed either by the combustion of the mi 
the ignition of the subnitrate. The peroxide is a dai 
powder, formed by boiling the aghydrous p \e 
levigated with chloride of soda. All the soluble sa 
metal are decomposed by water, which combi 
acid and throws down the oxide. 
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Jn solution, bismuth is recognized by the milkiness produced 
on the addition of water, and by the dark-brown precipitate 
occasioned by liquid sulphuretted hydrogen. Heated with 
soda in the inner flame, before the blowpipe, salts of bismuth 
are reduced, the charcoal becoming coated with a yellow pow- 
der; the metallic globules ure brittle and spring to picces 
under the hammer, 

Carbonate of ammonia is the best precipitant of oxide of 
bismuth, even when the solution has been rendered milky by 
the nddition of water. From lead it is separated by sulphuric 
acid, the sulphate of bismuth being soluble; but as the sul- 
phate of lead is not quite insoluble, it is better to add to a 
cold solution of the two metals, carbonate of lime, by which 
the oxide of bismuth alone is precipitated. If carbonate of 
lime be doiled with a solution of lead and bismuth, both oxides 
are completely precipitated.—Liedig. Another method of se- 
parating lead from bismuth is, to add to a solution of both 
metals in nitric acid, potash or soda in excess and boil for 
some time ;—the oxide of bismuth is precipitated in the state 
of a hydrate, which loses its water during ebullition and be- 
comes yellow; after washing, it is only necessary to dry it, as 
it would not lose more weight by calcination. The lead is 
then determined by supersaturating the alkaline solution by 
acetic acid, and precipitating by oxalate of ammonia. It is 
absolutely necessary that neither the nitric acid nor the potash 
should contain any muriatic acid, for in that case a sub-chloride 
would be precipitated, which the alkalies do not decompose, 
whilst et Gerla decompose the nitrate and sulphate. 

This cd the fact, that oxide of bismuth 

5 n whereas, the oxide of 
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Tin: Suz (stannum) Eq: 7353. This metal appears to 
have been known from the earliest ages. The ore from which 
it is extracted is found abundantly in Cornwall, and is redaced 
with the greatest case, ‘The tin is purified from any admixture 
of foreign metals by liquation, a process which consists in 
gently heating the ingots until they begin to melt, taking care 
to prevent the temperature from rising too highs the pure tin 
is first melted, and the less fusible alloys, containing the fo- 
metals, remain. ‘The purer portion is well-known as 
grain tin, the other as block fia. The purity of the metal is 
known by its splitting into irregular prisins when let fall ina 
melted state into water, ‘Tin isa silver-white, very soft and 
malleable metal, fusing at 442°, and but slowly acted upon by 
water, hence its great use for culinary vessels, and for covering 
the more oxidable metals. When a bar of tin is bent back- 
wards aud forwards rapidly, it emits a characteristic grating 
sound and becomes het. Tia forms three compounds with 
oxygen, SnO, Sn.O,, and SnO0,. 

Protoxide of tin is formed by heating in a retort, filled with 
carbonic acid gas, the hydrated oxide produced on adding um- 
monia Co a solution of the protochloride. Itis a black powder, 
remarkable for its tendency to unite with more oxygen. So- 
lutions of protoside of tin, convert peroxide of iron into pro 
toxide, and throw down mercury, silver, and platinum in a 
metallic state from their solutions, If the black protoxide of 
tin be touched with a red-hot coal, it inflames and burns like 
tinder, forming peroxide. 

Deutoxide or sesquioxide of tin i is bs rescore by boiling p 
oxide of tin in a neutral 

Peroxide of tin is 
strong nitric acl 
drated pero 
pitate, by dec 
alkaline 








it is soluble in 
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the form of small greyish-white spangles. But solutions of 
protosalta of tin, are best known by their behaviour with so- 
lution of gold, a reddish-purple colour being produced in dilute 
solutions, and a dark purple precipitate, insoluble in muriatic 
acid, in concentrated solutions. 

‘Tin ix usually quantitatively estimated by converting it into 
peroxide by means of nitric acid; if hydrochloric acid be 
present it must be expelled by heat, When combined with 
those metals that are not precipitable from acid solutions by 
sulphuretted hydrogen, or with the earths and alkalies, tin 
may be separated by that rengent; from oxides of cadmium, 
lead, bismuth, copper, silver, and mercury, all of which are 
precipitable by sulphuretted hydrogen, it is best separated by 
supersaturating the concentrated solution with ammonia, and 
precipitating by excess of hydrosulphuret of ammonia: if the 
tin be in the state of protoxide, the hydrosulphuret of am- 
monia employed, must be mixed with a little sulphur, and 
the resulting sulphuret of tin converted into peroxide by 
nitric acid. 

Titanium : Eq: 3037, This metal is found in the form 
of titanic acid in a great variety of minerals; it is redaced 
with great difficulty, being nearly infasible; it is of a bright 
copper colour. It combines with oxygen in two proportions, 
forming TiO, oxide of titanium, and TiO,, titanic acid, which 
is a white powder resembling silica, and characterized by its 
solution in muriatic acid, giving, with tincture of galls, an 
orange precipitate, and by the immersion of a slip of zinc, a 
fine purple powder. When titanium exists in solution ns ti- 
tanic acid, it is best precipitated by ammonia, the precipitate 
must be weighed in a closed platina crucible, as titanic acid 
has a great attraction for moisture. 

Chromium: Cr: Eq: 350-8. This metal derives its name 
from yetopa, colour, being distinguished for the variety and 
beauty of the colour of its compounds. It is a greyish-white 
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metal, very infusible, and reduced with very great difficulty. 
It combines with oxygen in two proportions, forming CriO, 
oxide of chromium, and CrO,, chromic acid. 

Oxide of chromium may be obtained by heating chromate 
of mercury* to redness. It isa fine green coloured powder, 
insoluble in acids after ignition. As a hydrate, oxide of chro- 
mium is obtained by adding to a boiling solution of bichromate 
of potash, hydrochloric acid and alcohol alternately in small 
quantities, till the colour of the solution passes from red to 
green; the oxide is then precipitated by ammonia; it is of a 
pale blucish-green colour, soluble in acids, and forming an ex~ 
tensive class of salts. 

Chromic acid is prepared by treating a warm solution of bi- 
chromate of potash by hydrofluosilicic acid gas, till the potash 
is completely separated, which may be ascertained by testing 
a few drops of the solution with chloride of platinum; the 
solution is evaporated to dryness by a stcam-heat, and the 
chromic acid redissolved by water; it gives an opaque dull 
red solution. 

Alkalies give m green precipitate with solutions of oxide of 
chromium. Before the blowpipe, the compounds of chromium 
are readily detected by the beautiful emerald-green colour 
which they communicate to fluxes, Oxide of copper produces 
with microcosmic salt, a green bead in the outer flame only, 
but with oxide of chromium, the colour is equally green both 
in the inner and outer flame. 

Oxide of chromium in solution is best precipitated by caustic 
ammonia; it should be ignited in u covered platina crucible, 
apt to become suddenly incandescent when heated to 







by means of hydrochloric acid and 
af potash nd nitrate of mercury in solution, 
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alcohol as above, and thea precipitated by caustic ammonia. 

When chromic acid and oxide of chromium exist together 
in solution, they may be separated by acetate of lead, chro- 
mute of lead being precipitated, and oxide of chromium and 
the excess of oxide of lead remaining in solutions a solid 
compound of chromic acid and oxide of chromium may be 
examined, if recently precipitated, by digesting with solution 
of acetate of lead, oxide of chromiam is thereby obtained in 
solution, while chromate of lead remains undissolved. 

Vanadium: V+ Eq: 856-9. This is a very rare metal, dis- 
covered by Sefstroem, in 1830. [ts combinations closely re- 
semble those of chromium and manganese; of its properties 
ag a metal litte is known. 

Tungsten or Wolfram: W: Eq: 1183, In the form of 
tungstic acid this metal exists in several minerals, It derives 
its name from the density of its preparations, the word funy- 
aten, signifying in Swedish, heavy stone. 

‘Tungstic acid, WO,, is reduced by heating it to redness in 
a glass tube, in contact with hydrogen; the metal, as thus 
obtained, is in the state of a dense dark grey powder, ex- 
tremely infusible, more so even than manganese, 

‘Tungstic oxide, WO. is formed when tungstic acid is re- 
duced by hydrogen, at a temperature not execeding low red- 
ness. 

When to fused tungstate of soda, there is added as much 
tungstic acid as it will take up, the mass being then exposed 
at a red heat to hydrogen gas, there is left, after the unde~ 
composed tungstate of soda is washed out by water, a com- 
pound, in golden yellow scales and regular cubes, bearing s0 
striking a resemblance to gold, that had it been discovered 
when the rage for alchymy was prevalent, there is no doubt it 
would have lent plausible support to the belief in transmuta- 
tion. 
Molybdenum : Mo: Bq: 598%, ‘This metal is closely allied 
to tungsten; it exists combined with sulphar, and also with 
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oxygen in some minerals. Its oxides, of which there are 
three, molybdous oxide, MoO, molybdic oxide, MoQ,, and mo- 
lybdic acid, MoO, are easily reduced when exposed to a strong 
beat in a crucible lined with charcoal, but the metal itself is 
very refractory. It derives its name from the Greck term for 
plumbago, from which its native sulphuret was first distin- 
guished by Scheele, in 1778. 

Tellurium: Te: Eq: 8018. Although from its lustre and 
power of conducting electricity, tellurium is classed with the 
metals, it ranks naturally with sulphur and selenium; like 
these elements, it dissolves to a small extent in concentrated 
sulphuric acid, and communicates to it a fine purple colour, 
It is silver white and very brilliant. | [t has been found lately 
in considerable abundance in Schemonitz, in Hungary, com- 
bined with bismuth; and in the silver mine of Sadovinski, in 
the Altai, united with silver and lead; it was first described 
by Klaproth, It is only separated from foreign bodies by a 
very complicated process, hence, in its pure state it is very 
rarely met with. It combines with oxygen iu two proportions, 
forming tellurous acid, TeO,. and telluric acid, TeO,. It com- 
bines also with hydrogen, forming a compound analogous in 
constitution and propertics to sulphuretted hydrogen. 

Arsenic: As: Eq: 940-1. In combination with other metals, 
particularly with nickel and cobalt, arsenic is found in con- 
siderable abundance. It is obtained in the form of arsenious 
acid, by roasting the ores containing it in a furnace, so con- 
structed that a powerful oxidizing action shall be produced 
by a current of air streaming over the ignited ore. The metal 
itself is obtained in the form of a metallic crust, of a stecl- 
grey colour and a bright metallic lustre, by heating common 
arsenious acid with three times its weight of black flux,* in a 
crucible, over which a larger crucible is inverted; the metal 
condenses on the inside of the upper vessel. Arsenic is very 
volatile, rising in vapour at 56°, and emitting a disagreeable 
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odour resembling garlic, which arises from the formation of a 
peculiar oxide, produced by a low degree of combustion 
which occurs, but which does not belong to the pure metal— 
Kane. 

Arsenious acid: AsO, is well known in commerce as white 
oxide of arsenic, It is equally well known as the poison by 
which more deaths have been occasioned, probably, than by 
any other substance. Its recognition is, therefore, one of the 
most important analytical problems, and one on which a cor- 
responding degree of attention has been expended. In a solid 
and unmixed state, arsenious acid is known as a white, heavy, 
and nearly tasteless powder, entirely volatile by heat, and 
diffusing 0 garlic odour in the reducing flame of a lamp. 

In casés of poisoning by arsenious acid, when the aid of 
the chemist is called in, his object should be directed to the 
isolation and exhibition of the metal itself: as collateral evi- 
dence, the indications of tests are useful, but they should never, 
in so important an investigation, be regarded as alone decisive, 
for although in solutions of arsenious acid prepared for illus- 
tration, their action may be very satisfactory, their indications 
become complicated and uncertain in the organic and disco- 
Joured liquids obtained from the stomach and intestines, 

‘The following are the methods recommended. 

Ist. The contents of the stomach, and the ejected matter 
is to be boiled well in distilled water for balf an hour, with 
the uddition of « few drops of nitricacid, then strained through 
calico, and the animal matter precipitated by excess of nitrate 
of silver, and the subsequent addition of common salt; then 
filtered through paper, and a current of sulphuretted hydrogen: 
sent through the liquid for half an hour; after which the liquid 
must be boiled, and the precipitated substance received on a 
filter, washed well with water, slightly acidulated with hydro~ 
chloric acid, and dried at a temperature not exceeding 300°. 
If, previous to the straining through calico, the matter experi- 
mented upon be thick very and coloured, it may be convenient 
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to coagulate the animal matter by a current of chlorine, the 
excess of which must afterwards be expelled by boiling. 

2nd. The dried precipitate is mixed with twice its weight 
of black flux, and ignited in a small tube of hard glass, of the 
form, and about the size of the tube shown in Fig. 17. If 
any arscnious acid was present in the liquid operated upon, it 
will sublime as metallic arsenic, forming a stccl-grey crust, 
brilliant on the side next the tube, but dull and crystalline on 
the inside. This metallic crust may then be removed care- 
fully, and slowly heated in a test-tube, in size and shape such 
as Is represented in Fig. 7; a white crystalline sublimate of 
arsenious acid will be formed, which may be dissolved in water, 
and the solution divided into three portions. Through the 
first, a current of sulphuretted hydrogen should be slowly 
passed; a rich yellow precipitate will fall,—this is sulpharet 
of arsenic or orpiment. Into the second portion, ammonio- 
nitrate of silver* should be dropped, arsenite of silver of a fine 
canary yellow colour will be precipitated, which is re-dissolved 
both by acids and ammonia; to the third, a few drops of am- 
monio-sulphate of copper should be added, when a fine 
apple-green precipitate, soluble in excess of acid and ammonia, 
will be produced. 

‘The presence of arsenic in the subject of the experiment is, 
by the combined evidence thus adduced, placed beyond doubt, 
but the test results are not alone decisive, for lst; sulphuretted 
hydrogen produces yellow precipitates with cadmium, anti~ 
mony, and persalts of iron and tin; 2nd: ammonio-nitrate of 
silver produces a yellow precipitate with phosphate of soda; 
and 3rd: there are many basic compounds of copper, which 
very much resemble the arsenites. 

We are indebted to Mr. Marsh for the following simple and 
elegant mode of detecting small quantities of arsenic. [tis 

* This is an exceedingly delicate teat ; it prepared by adding diluted ammonia to 


‘a solution of nitrate of silver, till the oxide of silver, which is first thrown dows, is 
ngzin redissolved, 202 
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founded on the fact, that whenever hydrogen gas is generated 
in contact with any soluble or insoluble preparation of arsenic, 
‘a portion of the metal is dissolved, and arseniuretted hydrogen 
formed, 
Having removed the stop-cock from the Fig. %, 

little arrangement, shown in Fig. 95, a frag- 

ment of zinc is introduced into the lower 

bulb, and diluted sulphuric acid poured 

upon it; the stop-cock is now replaced, and 

the lower bulb soon becomes filled with 

hydrogen gas, the acid liquor being forced 

into the upper bulb. It is necessary to test 

this hydrogen for arsenic, before the sus- 

pected substance is introduced into the ap- 

paratus; with this view it is ignited at the 

apex of the jet, attached to the stop-cock, 

and a stone-ware plate depressed upon the flame and allowed 
to remain for a few seconds; if any arsenic was present in the 
zine, or in the sulphuric acid, a black spot of a steel-grey co- 
Jour and bright metallic lustre will be formed upon the plate 5 
or if a cold object of glass be held over the flame at a small 
height above it, a white sublimate of arsenious acid will con- 
dense upon the glass. If no arsenic be present in the zine or 
acid, neither of these effects will be perceived. ‘The suspected 
liquor is now introduced into the lower bulb, together with 
the acid and zine, and the hydrogen burned as before. It is 
desirable previously to remove as mach as possible of the 
organic matter in the liquor to be tested by means of chlorine 
or nitrate of silver, but when it is, notwithstanding, thick, the 
operation may be conducted in a flask, provided with a hori- 
zontal tube, and the liquor rendered very feebly acid, so that 
the gus shall be generated very slowly; a portion of the tube 
may be kept red hot for two or three hours, so that all the 
arsenic dissolved by the hydrogen gas may be arrested in its 
passage along the horizontal tube, and fixed in 4 metallic form 
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‘on the tube, at a little distance beyond the heated portion; or 
if the operation is to be allowed to go on for a considerable 
time, the end of the horizontal tube may be allowed to dip 
under the surface of a dilute solution of nitrate of silver, or 
sulphate of copper, and all the arseniuretted hydrogen being 
then absorbed and decomposed, metallic arseniurets are pro- 
duced, which easily yield by the application of heat—arsenic, 
in a metallic form. —Graham, Kane, Liebig, Clark. 

In testing for arsenic, particular care must be taken to nscer- 
tain, beyond the possibility of doubt, that the poisonous metal 
does not exist in any of the reagents employed. It has been 
before remarked, that traces of it are met with occasionally in 
the oil of vitriol of commerce, and as the ores of zine contain 
orpiment, that metal should be distilled before it is regarded 
as pure. To avoid all chances of error, a jet of hydrogen, 
generated from the zinc and oil of vitriol alone, should be 
passed for a quarter of an hour through ammonio-nitrate of 
silver, and if no yellow deposition occur, the suspected liquor 
may be employed with confidence. The operator should also 
be careful not to allow the hydrogen to be generated too fast, as 
4 portion of zine or zine salt may, perchance, become carried 
up in the steam and deposited upon the plate or glass. 

Another source of error is not a little remarkable. It was 
discovered by Mr. L. Thompson, that hydrogen combines with 
antimony, forming a gas, which when heated in a glass tube, 
gives the metal and a white sublimate in the same circum- 
stances as arsenic, It is not, however, difficult to distinguish 
between the two. 

Ist. The deposition of antimony occurs on the heated 
portion of the tube, that metal being far less volatile than 
arsenic. 

2nd. The metalliccrust is not volatilized at any temperature 
that can be applied to glass, 

Br. If the white sublimate from antimony be dissolved in 
water, containing a drop of eninianlty and the arsenic tests 
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applied, the proper indications of the latter metal will not be 
afforded. 

Mr. Marsh gives the following method of distinguishing be- 
tween these two metals in cases of suspected poisoning. “After 
the common arrangements have been made for testing for an= 
timony or arsenic, the piece of glass or porcelain on which 
the metallic crusts are generally received, is to have a drop of 
distilled water placed on it; the glass or porcelain is then to 
be inverted, so that the drop of water is suspended undermost. 
‘The gas as it issues from the jet is to be inflamed in the usual 
manner, but the piece of glass with its drop of water is to be 
held about an inch above the jet, or just above the apex of 
the cone of flame. The arsenic by this arrangement is oxidi- 
zed ut the same time that hydrogen is undergoing combustion, 
and coming in contact with the drop of water held above, 
forme with it a strong or weak solution of arsenious acid, ac~ 
cording to the quantity of arsenic present, A very minute 
drop of Hume’s test, (ammonia-nitrate of silver) being now 
dropped on the solution so obtained, if arsenic be present, the 
well-known charneteristic lemon-yellow colour is immediately 
produced; antimony, under these circumstances, from being 
insoluble, produces no change.” 

When much arsenic is present, Mr. Mursh uses a glass tube, 
six inches long and half an inch in diameter, slightly moistened 
in the interior with distilled water, and held vertically over 
the apex of the jet of burning gas; by this means a strong 
solution is obtained. 

If a drop of ammonia-nitrate of silver be placed upon « 
slip of glass, and held over the flame of hydrogen, containing 
arsenic, the well-known characteristic lemon-yellow colour 
is produced: if antimony alone be present, a curdy-thite pre- 
cipitate is obtained. 

In cases of poisoning by arsenic, where tartar-emetic* has 
been given to produce vomiting, it is very possible that both 

+ ‘Tartrate of potash and antimony. 
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metals may be detected together in the matter found in the 
stomach ; they may be separated by converting both into the 
hydrogen compounds and decomposing the mixed gasea by 
igniting the tube through which they pass. The antimony is 
deposited close to the heated part, and the arsenic at a little 
distance,—Kane, 

When arsenic is to be separated from copper, as in the ex- 
amination of Scheele’s green, « portion of the precipitate from 
the muriatic solution, by sulphuretted hydrogen, is to be mixed 
with four times its weight of carbonate of potash, and eight 
times its weight of nitre, and heated in a glass vessel until ic 
melts. The resulting mass (which will probably be of a dark 
blue colour,) is to be boiled for some time in water, pure oxide 
of copper will remain undissolved, and the arsenic may be 
separated from the solution in the usual manner, or the solution, 
after the separation of the copper, may be supersaturated with 
muriatic acid, and the quantity of sulphuric acid ascertain- 
ed by a salt of barytes. The quantity of sulphur added to the 
metallic copper, and that deducted from the weight of the 
combined sulphurets, gives the quantity of the sulphuret of 
arsenic, from which the weight of the arsenic mny be calcu- 
lated.— Buckner, Annalen der Physik and Chemie. 

The best antidote to artenious acid, is the hydrated peroxide 
of iron, which should be taken as it is obtained by precipita- 
tion, without drying. It may be prepared by adding bicar- 
bonate of soda im excess, to any tincture or red solution of 
iron. The arsenious acid tukes a portion of oxygen from the 
peroxide of iron, and becomes arsenic acid, which uniting to 
the protoxide of iron, gives rise to an insoluble protarseniate 
of iron. 

Arsenic acid ; AsO,, is obtained by boiling eight parts of ar- 
senious acid, with two of strong hydrochloric, adding in small 
quantities at a time, twenty-four parts of nitric aeld, sp: gr: 
1:25. The mixture is evaporated to dryness and heated in a 
platina capsole till all the nitric acid is expelled. The com- 
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are found in a few rare mincrals, and have only recently been 
distinguished from each other; the latter was lately discovered 
by Mosander in the oxide of ceriam usually made, he gave 
it the name of fentazum, from the Greek ravsavm, because it 
was so long hidden in the oxide of ceriam. 

Tantalum, or Columbium: Ta: Eq: 2307-4. This metal 
was discovered by Mr. Hatchett, in an American mineral. It 
was extracted with very great difficulty. It is a black powder 
and is not acted upon by any acid but the hydrofluoric. It 
combines with oxygen in two proportions, forming TaO: and 
Tad, 

Mercury: Hg: (bydrargyrom,) Eq: 12658. This metal, 
which, from the importance attached to it by the ancients, in 
consequence of its remarkable properties, was very minutely 
studied in the infancy of Chemistry, is extracted from cinna- 
bar, the native sulphuret. [ts purity may be known by its 
fluidity, which is remarkably impaired by the admixture of fo- 
reign metals, and it is not unfrequently fraudulently adulterated 
with tin, lead, and bismuth, which it is capable of dissolving 
in considerable quantities; from these it may be purified by 
digesting it with a small quantity of nitric acid, or with a so- 
Intion of chloride of mercury. 

Mercury is well known to be distinguished from all other 
metals by being liquid at ordinary temperatures; it docs not 
assume the solid form till cooled 39 degrees below zero; it 
then erystallizes in regular octohedrons. At 662° it boils, but 
it emits a sensible vapour at 68°. When pure, it is quite un~ 
altered in the air at ordinary temperatures, but when heated 
near its boiling point it absorbs oxygen and forms crystalline 
scales of red oxide. It is not dissolved by boiling hydrochlo- 
rie or diluted sulphuric acid, but it is readily acted upon by 
diluted nitric acid. Mercury combines with oxygen in two 
proportions, forming the black oxide Hg.0, which is generally 
considered a suboxide, and the red oxide, HgO. 

Black oxide of mercury is prepared by decomposing calo- 


& 
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mel* (sub-chloride of mereury,) by acold solution of potash. It 
has a strong disposition to resolve itself into metallic mercury 
and a higher oxide; the mixture should, therefore be rubbed 
briskly in a mortar, in order that the decomposition may be as 
rapid as possible, and the oxide allowed to dry spontaneously 
in a dark place, 

‘There are several ways of preparing the red oxide, or red 
precipitate us it is called in pharmacy, Ist. By the oxidation 
of the metal ata high temperature. 2nd. By heating crystals 
of nitrate of mercury till the vapours of nitric oxide cease to 
be emitted: or 3rd. By precipitating solution of corrosive 
sublimatet by excess of caustic potash. The colour of the 
oxide varies according to the process by which it is made; by 
the first, it is obtained in deep red crystals; by the second, in 
an orange-red crystalline powder ; and by the third, as a lemon 
or canary-yellow hydrate. At a full red heat, red oxide of 
mereury is totally resolved into mercury and oxygen,—(See 
page 150.) 

Hydrochloric acid and solutions of the chlorides occasion an 
immediate white precipitate in proto-salts of mereury, which 
is rendered black by ammonia. When any solid compound of 
mercury is heated in a hard glass tube with carbonate of potash, 








+ ‘This invaluable mediciue is prepared either by precipitation or by sublimation. 
For the fra, nine party of mercury are digested in eight parte of witrie atid, xp: 
1-28 without hoat, and a solution of eight yarta of common salt, in 250 parte of bolling 
water added, calomel in a state of purity immediately precipitates, To obtain calomel 
by sublimation:—thirty-one parts of dry sulphate of red oxide of mercury are inti 
mately mised with twenty and one-third parts of metallic meroury, and twenty parta of 
fused common salt, and the whole rubbed together till the mercurial globalea disappear, 
“The eublimation is carried on in nn earthen pot, to which a plans head is fitted, and the 
resulting calomel well washed with boiling water. 

t Chloride of meteury. It is prepared on the large seals by adding four parts of 
mercury to fire of walphurie acid, and boiling til it i couverted into « dry mass. This 
dry sulphate is then strongly heated in a retort, on a sand-bath, with an equal weight 
‘of common salt corrosive sublimate sublimos and coudenses in the upper part uf the 
rtort, and sulphate of soda romaine with the excess of common malt. Tt i« highly 
poisonous. The best antidote is liquid albumen, with which it forms an inert eom- 
pound, 
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asublimate of metallic mercory ix obtained; when the quan- 
tity is small, it appears as a ring of grey powder; but if viewed 
throngh a magnifying glass, it is seen to consist of minute me- 
tallic globules. Sulphurctted bydrogen added in excess, to a 
solution of peroxide of mercury, occasions a black precipitate ; 
bat if the mercurial selt be in excess, the precipitate becomes 
white on agitation. A drop of = solution of either protoxide 
or peroxide of mercury, placed on a piece of bright copper 
and rubbed off with paper, after having been for some time in 
contact, Icaves upon the copper a silvery stain, which disap- 
pears when it is heated to redness. 

When mercury is to be sought for in a solid organic sub- 
stance, if it be not soluble in water, it should be dissolved, if 
posible, in ammonia, and » bright copper plate placed in the 
solution ; but if the subject of the experiment be insoluble in 
ammonia also, it should be dried, mixed with three or four 
times its weight of carbonate of soda or potash, and grada- 
ally heated to redness, in a retort connected, not quite air 
tight, with a receiver; if any mercury be present, it will be 
found in the interior of the neck of the retort, in minute me= 
tallic globules, easily recognised by rubbing the finger on the 
place where they appear, and examining through a lens. 

Mercury is quantitatively estimated by reducing it to the 
metallic state; the agent usually employed is protochloride of 
tin, which effects the reduction of the metal, whether it exists 
in solution, or whether it be in the state of an insoluble chlo- 
ride or peroxide; all that is necessary in the latter case is, to 
pour on the compound concentrated hydrochloric acid, and 
then boil for a few minutes with concentrated protochloride of 
tin, to which a suflicient quantity of hydrochloric acid, to ren- 
der it clear, has been added. The redaced mercury has fre~ 
quently the appearance of a black precipitate, which, however, 
speedily unites foto larger globules, when boiled for a few 
minutes with hydrochloric acid. It must be dried by the ac- 
tion of the air alone, 
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Silver: Ag: Eq: 13516. This metal, which must haye 
been known at a very early period, is principally derived from 
South America. Before the discovery of America, the silver 
mines of Saxony were of considerable importance. A con- 
siderable quantity of silver is also obtained from the ores of 
lead, by the following curious process. The galena is melted 
in a shallow porous dish, made of bone ashes, and when ata 
full red heat, a current of sir is urged across it from a power- 
ful bellows. ‘The lead becomes converted into litharge, part 
of which is absorbed by the bone earth, and part blown away 
as it forms, and collected in the front of the furnace. The 
silver remains unaffected, and the completion of the oxida- 
tion of the lead is known by the melted surface suddenly be~ 
coming brilliant, or flashing 4s it is technically termed. This 
process has been much shortened by the discovery that the 
quantity of silver may be concentrated in a comparatively 
small quantity of lead by crystallization. The silver forms an 
wlloy with a certain quantity of lead, which alloy is mixed 
with the excess of lead, Now it is found that this allay is 
more fusible than lead itself, so that when a small quantity of 
silver is present in a large basin of lead, the whole is melted 
and allowed to cool very slowly, 80 08 to crystallize; the por- 
tions which solidify first are pure lead, and these being re- 
moved, all the silver remains in the mother liquor. 

To extract silver from its most frequent ore, the sulphuret. 
‘The ore is roasted in a reverberatory furnace, with LO per cent. 
of common salt, by which it is converted into achloride. Itis 
then introduced into barrels with water, iron, and a small quan- 
tity of mereury, and agitated for eighteen hours. Chloride of 
iron is formed, and the silver enters into combination with the 
mercury, from which it is afterwards separated by distillation, 

Silver is obtained pure for chemical purposes, by dissolving 
it in nitric acid, precipitating by common salt, and after well 
washing, and drying the chloride, projecting ita little at a time 
into twice its weight of carbonate of potash, fused in a cru- 
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cible, chloride of potassium is formed, and carbonic acid and 
oxygen escape with effervescence; the crucible is then exposed 
to a sufficient heat to fuse the reduced silver which subsides 
to the bottom.* Although there are probably three compounds 
of silver with oxygen, only one of them, the protoxide AgO, 
is known well: this is formed by adding caustic potash or 
lime-water, to a solution of nitrate of silver. It is a brown 
powder, which, when heated strongly, is decomposed into 
metallic silver and oxygen. Silver is readily recognised in so- 
lution by the precipitation which occurs on the addition of 
common salt, by the action of solution of protosulphate of 
iron, which precipitates metallic silver, as do also protochloride 
of tin and formiate of soda. 

Silver is quantitatively estimated by precipitating it from its 
solution (which should be acid,) by hydrochloric acid; the 
chloride of silver, after being well washed and dried, is fused 
ina little porcelain crucible. 100 parts contain 75°3 silver, and 
24-7 chlorine.—Twrner. 

Gold: Au: Eq: 1243. The principal supply of this valuable 
metal is from the mines of South America, Hungary, and of 
the Uralian mountains in Siberia. It is found only in the me- 
tallic state, cither pure or alloyed with other metals, principally 
with silver, tellurium, and mercury. From silver it is sepa- 
rated by a process termed guartation, which consists in alloy- 
ing the gold with three times its weight of silver, and then 
acting on the mass with nitric acid; the larger quantity of 
gold in the original alloy, protects the smaller quantity of sil- 
ver, but when the proportion of the latter metal is increased, 
and its solution by the acid once commenced, it does not 
cease till the whole is dissolved. Mr. Lewis Thompson gives 
the following method for assaying gold. Fuse 6 grains of the 
subject of the experiment in a small crucible, with 15 grains 
of silver, from 8 to 12 grains of chloride of silver, and 50 


* ‘The standard silver of the Mint is composed of 222 parts of pure silver and 18 
of coppers 
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grains of finely powdered common salt, and subject the me- 
tallic button produced to the action of dilute nitric acid. In 
this operation the baser metals are wholly removed by the 
chlorine of the chloride of silver, and their place supplied by 
pure silver.* 

There are two oxides of gold, Au,O, and Au,O,. The first 
is a green powder, obtained by decomposing the corresponding 
chloride by « cold solution of potash; the latter is a brown 
powder, prepared by decomposing perchloride of gold by an 
excess of magnesia; neither of these oxides combine with 
acids, 

Gold coin is an alloy of eleven parts of gold and one of 
copper: of this alloy, 20 troy pounds are coined into 934 so- 
vereigns, and one half sovereign; one pound formerly was 
coined into 44} guineas; it now produces 463% sovereigns. 
All the gold at present coined in our mint is alloyed with cop- 
per only: previous to the year 1826, the alloy consisted in 
part of silver: hence the paler colour of the sovereigns and 
half sovereigns of former coinages—Brande. When proto- 
chloride of tin is added to a dilute solution of gold, a purple 
coloured powder falls, which has received the name of purple 
of cassius. The same compound is formed by fusing together 
2 parts of gold, 3} parts of tin, and 15 parts of silver under 
borax, and dissolving out the silver with nitric acid. Itis a 
mixture of peroxide of tin and metallic gold.—Graham. 

Gold is precipitated from a solution of its chloride in a me- 
tallic state by iron, copper, zine, and ting also, though less 
rapidly, by lead, mercury, and antimony. When a solution 
of gold is boiled with formiate of soda, the metal is also pre- 
cipitated. This metal is quantitatively estimated by reduction, 
the agent generally employed is proto-sulphate of iron, It is 
precipitated in the state of a fine brown powder, The solu- 
tion should be previously acidalated with hydrochloric acid. 
Solution of pure oxalic acid may also be employed, but a 


* L&E Phil: Mag: vol. 15. p. 310. 
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longer time is required to effect the complete reduction. By 
oxalic acid, gold may be separated from platina ; the solution 
of the two metals may be made in aqua-regia, and the gold 
precipitated by oxalic acid in the metallic state, and the plati- 
na by formic acid* 

Platinum: Pi: Eq: 98°84, This is the densest substance 
at present known. It is found in the metallic state, in small 
grains, in South America. It exists native, but is associated 
with a great number of metals, particularly with palladium, 
iridium, rhodium, and osmium, which are never found except 
in combination with platinam. For details respecting the pro- 
cesses for extracting platinum from the crude ore, and for Dr. 
Wollaston’s mode of purifying the metal, and rendering it 
malleable, the student is referred to Brande’s Manual of Che~ 
mistry, 

There are two oxides of platinum, the protoxide, PtO, and 
the deutoxide, PtO,. The first is, when pure, a black powder, 
obtained by digesting the protochloride with as much potash 
as exactly suffices for its decomposition. The deutowide is ob- 
tained by decomposing the nitrate of the metal by soda. 

Platinum in solution is easily detected by the precipitates, 
produced on the addition of potash or ammonia; when the 
solution is acid, a yellow precipitate is formed; when neutral, 
it should be acidulated with hydrochloric acid. The metal is 
also precipitated in the form of a black powder by a slip of 
zinc, and with protochloride of tin, » chocolate precipitate is 
formed, or the solution is coloured deep red, according to the 
quantity of platinum present, 

‘The quantitative estimation of platinum is best effected by 
adding to a concentrated solution, a very concentrated solution 
of muriate of ammonia, and then a sufficient quantity of al~ 
cohol to cause the perfect precipitation of the resulting double 
salt, composed of muriate of ammonia and chloride of plati- 
num, The precipitate must be washed with spirits of wine, 


* Journal do Pharmacie, January, 1842. 
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and cautiously and gradually ignited; upon which reguline 
platinum, in a porous state, remains behind and may be 
weighed, 

Palladium: Pd: Eq: 6659. In its general character, this 
metal is very similar to platinum, but it is not nearly so dense, 
its specific gravity being only 11°5, wherens, that of platinum 
is 21-5. It appears to form three compounds with oxygen, 
but the protoxide, PdO, only has been studied with care. This 
oxide is formed by dissolving palladium in nitric acid. It is a 
black or brown powder. Palladium is recognised by giving, 
with ammonia, a flesh-red precipitate, soluble in excess, giving 
a colourless solution. Cyanuret of mercury is the best quan- 
titative precipitant of palladium. The solution, should it be 
acid, must be neutralized with soda, previous to the addition 
of the cyanuret; the precipitate, when dry, is yellowish grey, 
and is decomposed by ignition, metallic palladium being 
formed :—the metal becomes blue during the ignition.—Rose. 

Tridium: Je: Eq: 1233-5. This metal is extracted from the 
crude ore of platinum. It resernbles platinum, but it is still 
more infusible, though not so dense, its specific gravity being 
18:6. It derives its name from Iris, the rainbow, suggested 
by the various colours exhibited by the mariatic solution of 
its oxide. According to Berzelius, there are four oxides of 
Iridium. IrO, Ir,0., [rOn [rOs. 

Rhodium: R: Eq: 661-4. This metal, which is also ex- 
tracted from the nitro-muriatic solution of the ore of platinum, 
derives its name from the beuntiful rose (gofeg) colour of its 
solutions, Tt is very difficult of fusion, and when pure, hardly 
acted upon, even by nitro-hydrochloric acid. ‘The sesquioxide 
of Rhodium, R,O, is the base of the most important com- 
pounds of this metal; there are other oxides, but they have 
not been studied much. 

Osmium: Os: Eq: 12445. This metal, which exists alloyed 
with Iridium, and accompanies the ores of Platinum, derives 
its name from édepi, smell, on account of the penetrating 

26 
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odour of a highly volatile oxide which it forms, It combines 
with oxygen in three proportions, forming Os0, 020, Os0,. 
The formation of this highly volatile oxide, and the odour 
which it produces, constitutes an excellent test, whereby to 
ascertain the presence of this metal in iridium. 

Analysis of siliceous minerals. The native compounds of 
silicic acid, may be divided into two general classes. Ist. Those 
which are decomposnble by hydrochloric acid: and, 2nd. Those 
which withstand the action of acids, but are decomposed by 
fusion with carbonated alkalies. Of the first class, some un-~ 
dergo decomposition with remarkable ease, while others re~ 
quire prolonged digestion; in which case the complete decom- 
position can only be effected by employing slightly diluted sul- 
phuric acid, which, indeed, by a prolonged digestion, can be 
made to decompose nearly all the silicates. Of the second 
class, there are a few minerals which are decomposed with 
great difficulty, even by fusion with carbonated alkalies, in 
which cases, the decomposition is effected by mixing them in 
avery finely levigated state, with three times their weight of 
pure potash, and exposing the mixture, in a silver crucible, to. 
ignition. 

When u silicate is to be decomposed by hydrochloric acid, 
it must be finely pulverized, slightly warmed, and weighed in 
a counterpoised platinum crucible, then transferred to a glass 
that can be closely shut by a glass plate, and therein mixed 
with the acid. In some cases, the decomposition takes place 
almost immediately, the silicic acid separating in a gelatinons 
form: in others, a long digestion with the nid of heat is re- 
quired, the silicic acid separating in the form of a powder. If 
the decomposition has been completely effected no creaking 
sound is produced on rubbing the bottom and sides of the ves- 
sel with a glass rod, which is the case if any portion of the 
mineral has escaped the action of the acid, in which case, the 
undecomposed powder must be removed from the solution by 
ndding water, and pouring it off into another vessel, while the 
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silicic acid is in suspension, and then treating it with a fresh 
portion of acid. The precipitated silicic acid is collected on a 
filter, washed, dried, heated to redness in a counterpoised pla- 
tinum crucible, and weighed while warm ;—about one per 
cent, of silicie acid remains in the solution. 

‘The silicic acid being thus removed, ammonia is added in 
slight excess, by which alamina and peroxide of iron are com- 
pletely precipitated, together with small quantities of magne- 
sia and protoxide of manganese: these substances are scpa- 
rated from cach other in the manner already described, and 
from the filtered liquid, lime is separated by oxalic acid; after 
which, if no magnesia or protoxide of manganese be present, 
the fixed alkalies, (if the mineral contained any,) can be de- 
termined by evaporating the filtered solution to dryness, by 
which they are left in the state of chlorides. When, however, 
magnesia is present, the analysis becomes much more difficult, 
and must be conducted in the manner described in page 372. 

When the decomposition of the mincral is to be effected by 
fusion with carbonate of potash, the greatest pains must be 
taken to reduce it to the finest powder, which is best done by 
first breaking it into coarse grains, and then grinding with 
water on an agate slab, after which it is poured into a glass 
and allowed to repose for a short time, that the coarse powder 
may fall to the bottom, while the due suspended powder is 
poured with the water into another glass and allowed to settle: 
the water is then poured off and the powder dried, till it ceases 
to lose weight. It is then transferred into a large platinum 
crucible, very carefully mingled with four times its weight of 
pure warm carbonate of potash, and exposed to a full red heat 
for an hour.* According as the substance under examination 
contains more or less silicic acid, the mass in the crucible is 
found either completely fused, or only softencd into a con- 

* The plating crucible should be protected from the injurious action of the ashes 


of the fuel, by enclosing it ine cylindrical Mossian eructiile 5 plating vessels should 
ere, po aos Ld ca Xe i 
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glomerate. In the latter case, it is not difficult to remove it 
from the crucible, by bending and pressing the sides of which 
the mass generally Joosens in a single lamp; bet if the mix- 


‘The mixture is transferred into a glass and cautiously acidi- 
fied with hydrochloric acid, and after the effervescence has 
ceased, it must be set by in a warm place to digest till the de- 
composition is complete. Purt of the silicic acid remains un- 
dissolved, and part exists in solution, but sometimes, particu- 
larly when « large quantity of carbonate of potash has been 
used, and the quantity of silicic acid small, the whole of it is 
dissolved, ‘The next operation is to craporate the solution to 
dryness, in a platinum or porcelain capsule, being careful not 
to employ too great a heat, particularly towards the last: when 
dry and cold, the mass is moistened with concentrated bydro- 
chloric acid, and after an hour's digestion, water is added, upon 
which the silicic acid remains undissolved, while the other 
constituents of the mineral remain in solution, and are sepa- 
rated as alrendy described. 

‘The only acid by which the ignited, or the native pulverized 
silicic acid can be dissolved with facility, is the Aydroflueric. 
Berzelius pointed out a method of decomposing siliceous 
minerals by means of this acid, which, however, on accoant 
of the difficulty of procuring it in a state of purity, is seldom 
adopted. {n order to obviate this difficulty, Mr. C. Brunner 
has proposed* to place the siliceous substance to be acted 
upon, in an atmosphere of hydrofluoric acid, which, for this 
purpose, is prepared in a leaden vessel, of the form shown in 
Fig. 96. The diameter is about six inches, and the other di- 
mensions in proportion. In the middle of this vessel, sup- 
ported by leaden feet, a very flat platina dish is placed, in 
which is placed the siliccous substance, reduced to the finest 


* Poggondorft’s Annals, No, 9, 1838, p. 135. 
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powder, and moistened with a little water. The bottom of 
the leaden vessel is covered to the Fig. 96. 

depth of from \th to $th of an inch, 
with a mixture made to the consist- 
ence of a paste of fluate of lime and 
sulphuric acid. A small flat cover with a wooden handle clo- 
ses the vessel. So provided it is submitted to the gentle heat 
either of a sand-bath or small lamp. By means of the hydro- 
fluoric acid gas thus given out, a quantity from 20 to 30 grains 
of siliceous mineral is completely decomposed in the space of 
one or two hours. During the process, the powder must be 
twice moistened with a few drops of water. If the powder is 
well spread out at first, itis seldom necessary to stir it. When 
this operation is finished, a quantity of concentrated sulphuric 
acid is added drop by drop to the powder, as long as any hy- 
drofluosilicic acid is given off; at the same time it is to be 
warmed by a spirit lamp, and finally, the excess of sulphuric 
acid is driven off by a continued heat and evaporation to dry- 
ness. The dry residue, after being moistened with hydro- 
chloric acid, is boiled in water, and further examined in the 
usual way. This method is particularly applicable to the ex- 
amination of such minerals as contain alkalies. 

A new method of analysing closely aggregated minerals has 
been pointed out by Dr. Abich.* It consists in fusing the 
mineral with carbonate of barytes, which, at a white heat, loses 
the whole of its carbonic acid, and its caustic power is then so 
great, that it completely and quickly decomposes the alurni- 
nates and corundum, bodies which are with the greatest diffi- 
culty acted upon, even by pure potash: cyanite, staurolite, an~ 
dalusite, cymoptane, zircon, and the felspars, are also acted 
upon in the most complete manner. ‘To conduct the analysis 
successfully, the following precautions are necessary. A fur- 
nace, by which an extremely high and well-regulated tempera- 
ture can be obtained in a short time. The mineral reduced 


* Annales de Chimie; December, 1835. 
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to powder, which necd not be very fine, must be mixed with 
from four to six times its weight of pure carbonate of barytes, 
and placed in a platinum crucible; this is then enclosed in a 
Hessian crucible, covered and luted, which placed on any con- 
venient support in the furnace, must be heated to whiteness, 
and kept at that temperature from 15 to 20 minutes: a per- 
fectly fused mass is obtained, which dissolves with facility in 
dilute hydrochloric acid. 

Separation from phosphoric acid. When the siliceous sub- 
stance under examination contains phosphoric acid, Rose re- 
commends to ignite with three or four parts of carbonate of 
potash, ina platinum crucible: water is then to be poured 
over the ignited mass, and the insoluble portion filtered and 
washed. In this case the solution contains phosphoric acid 
combined.with potash. It also contains the excess of carbon- 
ate of potash. The insoluble matter consists of silicic acid, 
and the bases which were containcd in the substance sub- 
mitted to analysis. ‘The separation thus effected is not, how- 
ever, quite complete. The solution contains a small quantity 
of silicate of potash, to separate which, carbonate of ammonia 
is added and the solution warmed, upon which flocks of silicic 
acid, after being washed, is 












acid are deposited. This. sili 
added to the undissolved mass. 

To the filtered solution, muriatic acid is added in excess, 
and after standing 34 hours to insure the complete disengage- 
ment of the carbonic acid, an excess of ammonia is added, 
aud immediately after a solution of chloride of calcium :—The 
flask in which the operation is conducted is then corked, to 
prevent the formation of carbonate of lime from the carbonic 
acid in the atmosphere, and after the precipitate has com- 
pletely subsided, it is filtered and washed as quickly as possible; 
it is phosphate of lime which is to be converted into sulphate 
by sulphuric acid, and from the weight of the sulphate of lime, 
the quantity of dry phosphoric acid, with which the lime was 
saturated, can be calculated. 
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M. Schulze gives the following process for the estimation of 
phosphoric acid in soils, rocks, wood ashes, &e.:—it is founded 
on the insolubility of phosphate of the peroxide of iron, and 
phosphate of alumina in acetic acid. In soils, the phosphoric 
acid is generally in the form of phosphates of lime and mag- 
nesia. If to a solution of the compounds in acetic acid, a 
sufficient quantity of # solution of acetate of peroxide of iron 
is added, all the phosphoric acid is precipitated as phosphate 
of the peroxide of iron, which may be collected and weighed. 
Inatead of acctate of iron, acetate of alumina may be em- 
ployed with a similar result. 

As soils usually contain more peroxide of iron and alumina 
than is sullicient to combine with the whole of the phosphoric 
acid, all that is required to be done in estimating the phos- 
phoric acid of soils, is to add excess of ammonia to the solu- 
tion of the earthy matter in hydrochloric acid, and treat the 
precipitate with acetic acid; nothing but the phosphates of 
the peroxides of iron and alumina remain undissolved. 

Separation of the oxides of iron. ‘The following process pro- 
posed by Fach, is extremely accurate: mixtures of the proto- 
and per-salts are boiled with carbonate of lime. The peroxide 
of iron is precipitated in the state of a subsalt, and so com- 
pletely, that the solution is not turned red by the sulphocyanate 
of potash. The only inconvenience is, that the filtered solu~ 
tion being perfectly neutral, becomes slightly turbid, owing to 
the conversion of a small portion of protoxide into peroxide. 
But this may be avoided by using carbonate of magnesia in- 
stead of carbonate of fime; the solution does not become 
turbid, and probably because magnesia forms a more stable 
double salt with the protoxide of iron. 

Carbonate of lime may be advantageously employed for 
separating peroxide of iron from the oxides of cobalt and 
nickel. 
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On entering upon the study of the Chemistry of organic 
bodies, we are forcibly struck with the immense number and 
varied nature of the compounds to which different arrange- 
ments of éhree, or at most, four only of the clementary sub- 
stances give rise; while in inorganic Chemistry, we have to 
deal with arrangements of fifty-four distinct bodies. All the 
numerous products of the animal and vegetable kingdom are 
formed principally out of carbon, hydrogen, oxygen, and ni- 
trogen: hence the complexity which characterizes organized 
substances, from which, however, it does not seem philoso- 
phical to conelude, as some Chemists have done, that there is 
an essential difference between the affinities which unite the 
atoms constituting organic principles, and those which unite 
the atoms of unorganized bodies; for though the former are 
much more unstable, much more easily decomposed, much 
more liable to decomposition, and much more complicated in 
their structure than the latter, we must consider that they are 
made by processes connected with vegetable and animal life, 
and that they constitute results proceeding from the wisdom 
of One, whose skill the utmost ingenuity of man con imitate 
only at an immeasurable distance. 

Proximate vegetable principles are, generally, ternary com= 
pounds, composed of @ great number of atoms, and nothing 
can be more dissimilar than the produets formed by the same 
elements. How different are starch, sugar, gum arabic, and 
lignine (the principle of woody fibre) from each other, in their 
physical and chemical properties! yet how similar is their 
composition: thus— 

Starch... Cy Hiv Ove 

Sogar.....Cy Hy O,, (or CaH» Ow+ HO.) 
Arabin. .., CoHinOn 

Lignine. ,. C,H,0,. 

Common sugar in crystals and arabin, are thus shown to 
have precisely the same constitution; starch is seen to differ 
from both only in containing pene equivalent less of oxygen 
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and hydrogen, and lignine in containing three equivalents less 
of these elements. 

Again, the tartaric, acetic, and succinic acids are composed 
of carbon, hydrogen, and oxygen, yet how totally different are 
they in properties from the above, and though so similar in 
composition, how different are they from each other in their 
chemical characters: thus— 





Suceinie acid C,H, 0,. 

Although most organized principles are composed of three 
constituents, Chemists are acquoainted with a very important 
class, consisting of carbon and hydrogen only. These are 
called Aydro-carbons, and include the greater part of the es- 
sential oils.* Osxalic acid is a compound of carbon and oxygen, 
(C,O,,) and cyanogen is composed of carbon and nitrogen, 
(C.N); while that remurkable family of bodies, termed the 
vegetable alkalies, such as quinine, cinchonine, aricine, mor 
phia, narcotine, strychnine, brucine, &e., compounds existing 
naturally in the plants from which they are derived, and which 
confer upon them their most active medicinal properties, are 
composed of carbon, hydrogen, oxygen, and nitrogen; it is 
the presence of the latter element which distinguishes them 
from most other substances of a yegctable origin, and which 
is supposed to be connected with the source of their alkaline 
power, 

The methods adopted by the earlier Chemists, to obtain a 
knowledge of the chemical constitution of organic bodies, 
were yery different from the organic analysis of the present 
day. They submitted them to destructive distillation, and 
from the products obtained, they endeavoured to form an idea 
of the difference in their composition. The results, however, 

* Acconding to Gerhardt and Cahours, most essential oils containing oxygen, may, 


by the action of fused hydrate of potaih, be separated into an acid and an oil destitute 
of oxygen. 
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of destructive distillation are liwble to infinite variution, ne- 
cording to the manner in which it is conducted, and conse- 
quently it is utterly incapable of conveying the information 
desired; hence this method is entirely rejected, except where 
some specific product is to be examined, and others have been 
substituted, which have for their object the conversion of a 
known weight of the substance into carbonic acid and water; 
when the compound contains nitrogen, that clement is either 
collected in a separate state, or estimated in the form of am- 
monia, and oxygen is always ascertained indirectly, 

‘To effect these objects In an unexceptionable manner, a pe- 
culiar apparatus is required, and it is to the introduction of 
this, in a cheap and compuct form, that the extraordinarily 
rapid progress of organic chemistry within the last few years 
is in a great measure to be attributed, 

It will be unnecessary to describe the various steps of the 
operation of organic analysis with very great minuteness, as 
every one who enters on this interesting branch of Chemistry, 
will not fail to posseys himself of Professor Licbig’s valuable 
tract,* in which the most detailed instruction for conducting 
every part of the operation with exactness is given. I shall 
give here mercly an outline of the general process. 

The substance to be analyzed is burnt with oxide of copper, 
by which the carbon and hydrogen, which it contains, are 
oxidized, the carbon being converted into carbonic acid, and 
the hydrogen into water, and by means of an ingenious con- 
trivance the former is completely absorbed by caustic potash, 
and the latter by fragments of strongly dried but not fused 
chloride of calcium. 

We will suppose the snbstance to be crystallized loaf sugar. 

The combustion is effected in a tube of Bohemian potash 
glass, which contains no lead, which does not crack, even 





* Tastructions for the Chemical Analysis of Organic Bodies, by Justue Lickig, 
tranaleted by Dr. W, Gregory, end forming Part I, of Griilin's Seieatific Miscellany, 
‘Teez: Lonilon = price 2x Gi res 
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when suddenly surrounded with red-hot charcoal, and which 
ix extremely difficult to melt; it is usually 14 or 15 inches 
long, and from } to 4 of an inch in diameter; the closed end 
is drawn out to a point, which is bent obliquely upwards and 
sealed, as in Fig. 97. 


aa 


To obtain a measure of the quantity of oxide of copper® 
required, the tube is filled to three-fourths of its length with 
the oxide out of the crucible in which it has been just ignited 
and while it is yet hot. From 5 to 7 grains of the sugar, quite 
dry; are rubbed in a porcelain mortar with a little oxide, and 
when the mixture is intimately made, the whole of the oxide 
which was measured in the tube is gradually added. On the 
perfect mixing of the substance to be analyzed with the oxide 
of copper, its complete combustion depends. About half an 
inch at the closed end of the tube of combustion is first Hlled 
with pure oxide, the mixture is then transferred from the 
mortar; this is followed by a portion of oxide with which the 
mortar is rubbed out, and then the tube is filled to within one 
inch of its open extremity with pure oxide. In the figure, the 
dotted lines show the comparative lengths occupied by the 
different layers, a, pure oxide: b, mixture; ¢, rinsing from 
the mortar ; d, pure oxide. 

Oxide of copper is a very hygrometric substance, and there- 
fore, during its mixture with the organic compound, it inva~ 
rinbly absorbs moisture from the air, which coming off after- 
wards during the ignition, would vitiate the determination of 

* The oxide of copper is prepared by igniting sheet copper, and throwing it, while 
‘red-hot, into eold water; the impurities ou the surface peel off with the erwst of oxide 
formed, the clean well-washed metal is now dissolved in pure nitric acid, and the sola 
ton evaporated to dryness in a porcelain capsule, it ix then ignited in a well-covered 
Hessian crucible, (taking care not to introduce too much at once, as the salt froths ap,) 


and the calcined mass stiered frequently with a copper wire. “The ignited oxide is re~ 
duced to 4 fino powder and preverved in a well-stopped vessel. 
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the hydrogen. It is necessary therefore, to remove these 
traces of moisture, which is done by means of a small ex- 
hausting syringe, which is attached to the combustion-tube by 
a cork, a tube containing chloride of calcium being interposed, 
‘The combustion-tube is bedded in sand, heated to 260°, and 
by means of the syringe, the damp air it coutaius is withdrawn, 
and replaced by air which is dried in its passage over the chlo« 
ride of calcium; after a few repetitions of this process, all the 
moisture may be considered to be removed. 

The tube, Fig. 98, is filled with chloride of calcium, large 

2 eer 

fragments being placed in the bulb, and coarse powder in the 
long tube, and a little cotton-wool is put near to the two open 
ends, in order to prevent any chloride of calcium from falling 
out; the tube, thus filled, is carefully weighed and then con- 
nected with the combustion-tube by means of an accurately 
fitting and thoroughly dried cork. To the larger end, a, of 
the chloride of calcium tube, a smaller tube is connected by 
means of a cork which is cut off close to the tube and covered 
with sealing wax; this serves to connect it with the potash 
bulb tube, Fig. 99. 

This very ingenious little arrangement Fig. 99, 
was devised by Liebig, and has contributed 
more, perhaps, than any other, to the rapid 
progress of organic Chemistry. In the pam~ 
phlet before alluded to, full directions for 
making these tubes are given, but they are 
to be procured at @ moderate price at any philosophical in- 
stroment maker's. The three central bulbs are nearly filled 
with a solution of caustic potash, sp: gr: 1-25,* and the ap- 

De. Gregory gives the following method for proparing the potesh ley. “ Two 


farts of the subcarbonate of potash of the shops, are disolved in 20 to 24 of boiling 
water, One part of quicklioe is alaked by being conered with ho? water in any convo. 


CO 
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paratus is attached to the chloride of calcium tube, by 8 caout= 
choue connector, tied very carefully on. 
The farnace in whic the combustion is curred om i shown 
in Fig. 100. It is made of sheet iron, 22 to 24 
and 3 inches high, The bottom is three inches wide, and 
Fig. 100. Fig. 101. 





nished with apertures which form a sort of grate: these aper- 
tures are narrow slits, rucning across at halfan inch distance 


lent vessel. In this way the whole of t'e lime i+ converted into an uniform cream, 
without the formation of aay bard sandy particles, which occur In the ordinary woethod 
of slaking, amd which are not only uscless but hurtful, by preventing, from the space 
they occupy, and the increased proportion of lime they render necemsary the separation, 
by decanting, of much of the ley. ‘The cream of lime ix added in seal portions to the 
oiling solution of carbonate of potash, which is bolted» fow minutes after exch adie 
tion, water being occasionally added to supply the loss by evaporation. When the: 
whole of the lire has been added, the mixture is boiled fora short time longer, and ix 
then allowed to cool, the cover of the veesel being carcfulls clowd, After 12 hours, the 
whole of the ley may be decanted perfectly clear, and gnite caustic, if the vessel has 
bom pearly full. ‘The carbonate of lime ix sandy aml eseupicn a very anal balk. 
‘The clear liquid ls now to be rapidly boiled down in aclea iron veswel, tll small erystale 
begin to separate, It's then allawed to cont in a etopped bottle of green glass, whem 
it deporita the whols of the sulyhate of potash originally present in the aubearbonate, 
‘that salt being absclately insoluble in a strung solution of caustic potayli. The specific 

gravity of this ley is 1°25; it is nearly pure, containi ¢ no foreign matter, except a little 
chloride of potassians, wad {t is perfectly adapted for organic analysis, The necessity 
for using at least 10 or 12 parts of water to 1 of carbonate of potash, arises from the 
‘carigur fact notion? by Profesor Licbig, that when lees water ix prevent, the potash 
takes Lock the carters pela from tho carbonate of Lime."” 
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from each other. The sides of the furnace are inclined out- 
wards, so that at the top they are 4) inches apart. ‘To sup- 
port the combustion-tube, pieces of strong sheet iron, of the 
form », Fig. 101, are rivetted to the bottom of the furnace at 
intervals; they are of exactly equal heights, with their edges 
ground flat to correspond with the round aperture in the 
front of the furnace, A, The furnace rests on a large tile, or 
on two thin bricks, supported upon two blocks of wood. The 
whole apparatus, arranged for the combustion, is shown in 
Fig. 102; « small wedge of iron being introduced at a, between 
the tile and the supports, for the purpose of giving the furnace 
a slight inclination towards the potash apparatus, which is 
best supported on a folded towel. 

Before proceeding with the combustion, and indeed before 
joining the combustion-tube with the other parts of the appa- 
ratus, it must be tapped smartly in a horizontal position ona 
flat table, in order to produce above the mixture, Fig. 97, 
through the whole length of the tube a vacant space, to afford 
a passage to the gaseous products of the combustion. With- 
out this precaution, it often happens that the oxide of copper 
is thrown forwards, or that the tube at the further end be- 
comes choked. The same precaution must be taken in the 
preparatory operation of drying the oxide of copper. 

The joinings having becn proved to be completely tight, 
the analysis may be proceeded with. ‘The anterior portion, 
about three inches, of the tube of combustion, is first sur- 
rounded with red-hot charcoal, and when the pure oxide of 
copper is completely red-hot, the next portion, consisting of 
the rinsing of the mortar, ix to be similarly ignited. ‘The hy- 
drogen of the organic substance reduces the oxide of copper, 
and forms water, which is collected by the chloride of caleiam 
in the water tube; the carbon of the substance likewise re- 
duces the oxide of copper, and becoming converted into car- 
bonic acid, is dried in passing over the chloride of calcium, 
and is absorbed by the potash in the bulbs. The fragments of 
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charcoal are kept in their place, and the heat prevented from 
spreading by a screen of sheet iron, 8, the same width as the 
furnace. This screen is slowly moved backward: by half an 
inch to an inch at a time, and the fire space immediately filled 
up with red hot charcoal, s0 as to raise rapidly the portion of 
tube newly exposed to a red heat. The fore-end of the tube 
which is empty, and projects one inch out of the furnace, must 
be kept during the whole operation so hot that not the smallest 
quantity of water can condense within it: itis useful, how- 
ever, to place another screen upon the front of the furnace, 
both to prevent the cork of the combustion-tabe from being 
burnt, and the chloride of calcium-tube from being heated by 
radiation. The operator cannot be too careful only to heat 
small portions of the tube at once, and the bubbles of gas 
should form an uninterrupted and tolerably rapid current. 
When the whole tube of combustion, ut the end of the operas 
tion (which generally lusts from twenty minutes to half an 
hour,) is surrounded with red-hot charcoal, the heat is in- 
creased along the whole length of the furnace. This is done 
below, by admitting air through all the slits, and above, by 
blowing the fire with a shect of pasteboard, moved rapidly 
backwards and forwards, When the evolution of gas stops 
all at once, the operator may be sure that the combustion has 
been complete, and a good result may be expected; if it eon~ 
tinue on the contrary, wt intervals, fora long time, the mix= 
ture with oxide of copper has not been well made, and a de-~ 
ficiency in the determination of the carbon is to be looked for. 
The tube should be heated red-hot, but not to bright ce ieas 
when too hot it is apt to stick to the supports. 

As soon as no more gas comes over, the Icy rises in the 
large bulb, m, of the potash apparatus, the size of which pre- 
vents all chance of the liquid’s rising into the chloride of cal- 
cium tube. The pointed extremity of the combustion-tnbe 
should then be broken off by means of a pair of pliers, after 
removing the charcoal from that end of the furnace, and an 
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open tube, A, 15 to 20 inches long placed over it, supported 
by # stand; a suction-tube is now placed on the end of the 
potash apparatus, and a certain quantity of air is drawn with 
the mouth through the apparatus ; by this means, all the car- 
bonic acid and watery vapour which have remained in the 
apparatus are absorbed by the chloride of calcium and ley. 
Fig. 103, shows the disposition of the apparatus at this 


period. 


Fig. 103. 





‘The apparatus is now taken apart, and the potash tube and 
water tube weighed ; the increase of weight gives, of course, 
the quantities of carbonic acid and of water collected, and 
hence, by a simple calculation, the proportions of carbon and 
hydrogen contained in the quantity of substance that had been 
operated on. The carbonic acid is 27-67 per cent. of the in- 
crease of weight in the potash bulbs, and the hydrogen is onc 
ninth of the increase of weight in the chloride of calcium 
tube. The oxygen is the quantity obtained by adding the 
weights of the hydrogen and carbon together, and deducting 
their sum from the weight of matter originally employed, 

In the case of sugar, the following are the details of a par- 
ticular analysis by Dumas. 

Weight of sugar. ....... : 
Weight of carbonic acid. 
Weight of water. ... +--+ 


600 
+ 921 
» 353 
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plate, capable of holding about four gallons of water, ‘The 
funnel, ¢, serves for replenishing the vessel when empty. By 
meuns of the stop-cock 7, we can produce a perfectly uniform 
discharge of water. The drying apparatus, a, is placed ina 
sand-bath, a water-bath, a bath of solution of chloride of eal- 
cium, &e., according to the temperature to which we wish to 
expose the substance, and as when the cock is turned, all the 
air which passes into the tin vessel must pass through a, and 
previously through the chloride of calcium tube ¢, it is per= 
fectly dried in its passage, and by degrees, entirely removes 
all moisture from the substance. If it be wished to ascertain 
the amount of water given off by the substance under exami- 
nation, the apparatus a, is weighed first empty, and then with 
the organic compound. It is then placed in the bath, and a 
stream of dry air is made to pass through it as long as water 
condenses in 3 by weighing occasionally we ascertain if it 
loses weight. When the weight becomes constant, a small 
portion of the substance is shaken out of 6, into a long and 
perfectly dry test tube, which is heated by a spirit lamp or 
sand-bath,—of course, to a degree insufficient to prodace de- 
composition. If no trace of water bedew the side of the test 
tube, we may be certain that the substance is perfectly dey; 
ifany moisture appear, the water-bath must be replaced by 
one of a solution of salt, or of chloride of calcium, and the 
operation repeated at a higher temperature. 

When the substance retains water with great obstinacy, it 
must be enclosed in a strong tube, placed in a concentrated 
solution of chloride of zine, and heated nearly to the tempera- 
ture at which it is decomposed ; a tube of chloride of ealciam 
must be connected with it, and the moist air removed from 
time to time by means of a small hand air-pump. All hygro- 
metric moisture or water of crystallization is thus removed in 
a few minutes. 

When volatile liquids are to be analyzed, (and as the results 
with them are more exact, and the manipulation more easy, 
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proportion of about one half the bulk of the oxide of copper; 
the process is the same as before, except that at the end of 
the process a strong heat should be given, by which pure 
oxygen is disengaged, and the combustion of the carbon ren~ 
dered thereby complete, This increase of temperature ren- 
ders it necessary to protect the tabe by covering it with a thin 
sheet of copper, which, from its flexibility may be easily wrap- 
ped round the tube, and which may be kept in shape by a few 
rings of iron wire bent round it. The chromate of lead pos- 
sesses the advantage of not being in the slightest degree hy- 
groscopic, hence it is likely to be preferred to oxide of copper, 
where it is desirable to determine the proportion of hydrogen 
with extreme accuracy. 

Determination of Nitrogen. Before the elegant method pro- 
posed recently by M. M. Will and Varrentrap, and which will 
be described presently, the direct valuation of nitrogen in an 
organic compound was a very delicate and tedious operation, 
It is always « separate process, in which every thing else is 
neglected, the carbon and hydrogen having been ascertnined 
by @ previous experiment, and the method is more or less 
simple, according to the amount of nitrogen present in the 
substance. 

fu the determination of the carbon it is soon seen whether 
the object of the experiment contains nitrogen, by the bub- 
bles, which escape through the potash ley during the whole 
combustion, ‘The presence of this principle is also ascertained 
by fusing # portion of the compound in « test-tube, with 4 to 
10 times its weight of fused caustic potash. Nitrogenized 
substances are thus decomposed without blackening, and the 
whole nitrogen is disengaged in the form of ammonia, which 
is easily recognised by the smell; this is the basis of the me- 
thod of M. M. Will and Varrentrap, 

When the proportion of nitrogen, in the organic substance 
is large, as in uric acid, it is mixed with forty or fifty times as 
much oxide of copper as would suffice for its complete oxida- 
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the analysis of the gas in the tubes that is required for the 
result; no weights nced be attended to, and it is found to 
give very accurate results where the nitrogen is to the carbon 
in no smaller proportion than 1 to 8; but where it is less than 
this, il is necessary to collect and measure the whole nitrogen 
evolyed, which is a matter of no small difficulty, A combus- 
tion-tube, 24 inches long is selected, one end of which is 
sealed but not drawn out; next to the sealed end is placed 
carbonate of copper for a space of six or eight inches; then 
follow two inches of pure oxide; next, the mixture of the 
substance with oxide of copper; then another layer of pure 
oxide; and lastly, a layer of copper turnings. To the com- 
‘bustion-tube is fitted by a sound cork, a delivery-tube, fur- 
nished with a vertical arm, more than 30 inches long, through 
which the evolved gases are conducted to a large graduated 
jar over mercury, half filled with a strong solution of caustic 
potash. There is also a connexion with an exhausting syringe. 
The air is exhausted, and the tube filled with carbonic acid by 
heating one-half of the carbonate of copper, ‘The atmos- 
pheric air is hereby expelled, and to render this more effectual, 
the whole apparatus is again exhausted, and again filled with 
carbonic acid, and this is continued till the bubbles of gas 
which pass over are perfectly absorbed by solution of potash. 
The combustion of the mixture is then conducted in the 
‘usual manner, and after it is complete, heat is again applied to 
the end of the tube containing the remaining half of the car- 
bonate of copper, and carbonic acid is evolved, which sweeps 
out the last portions of nitrogen into the receiver, when the 
volume of that gus is observed, and after being corrected for 
temperature and pressure, as directed in pages 50-51, its 
weight is calculated. 

New method by Drs. Wilt and Verrentrap.* This is likely 
to supersede every other method of determining the nitrogen 
in an organic compound. It is founded, as was above ob- 


* fo Lenom Banbury so Delle Blt Migs ‘Vol. 20, page 216, e¢ wea 
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served, on the action of the hydrates of the alkalics on 
— organic compounds at high temperatures, and 

consists in determining the weight of the nitrogen in the 
form of ammonia, é. ¢. as ammonio-chloride of platinum, or as 
metallic platinum. 

‘The apparatus employed, consists of a common small-sized 
tube of combustion, and glass bolbs, shaped as in Fig. 106, 
containing muriatic acid for the absorption of the ammonia 
generated, fixed air-tight to the tube, by means of a bored 
cork, ‘The bulb ap- Fig. 106. 
paratus is fitted by 
inserting the point- 
ext end, g, into mu- 
Fiatic acid of the 


g 





mouth at d, until the stand of the liquid attains the level indi~ 
cated by the shading. 

The alkaline mixture recommended is composed of one 
part by weight of hydrate of soda, to two parts of caustic 
lime, and is easily prepared by slaking the caustic lime with 
solution of soda of known concentration; it is then heated 
in a crucible and powdered finely; or the melted and cooled 
hydrate of soda is pounded quickly in a warm mortar, and 
well mixed with the finely powdered caustic lime in the above 
proportions. The mixture is again exposed to s gentle heat 
to drive off all moisture, and preserved in a well stopped bot- 
tle with a wide mouth. 

When the substance to be examined has been reduced to a 
fine powder, dried, and weighed, the previously cleansed and 
dried tube of combustion is filled, one half with the mixture of 
alkali and lime, in order to have a fixed measure for the quan- 
tity with which the substance to be analyzed is to be mixed. 
The quantity of the latter which is requisite for a combustion 


— 4 
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can be taken according to the supposed amount of nitrogen it 
contains; it is, however, rarely requisite to employ more than 
400 milligrames* with substances containing little nitrogen, 
and not Jess than 200 milligrames of those which contain 
much. The weighed quantity of the substance is mixed with 
the measured quantity of soda-lime, in a mortar previously 
somewhat warmed and unglazed, by stirring gently with the 
pestle. If these two measures of precaution are observed, 
there is no danger of any loss resulting from an adhesion of 
substance to the sides of the mortar and pestle. When the 
mixture has been introduced into the tabe in the usual man- 
ner, the mortar Is repeatedly rinsed with some soda-lime, the 
tube filled within an inch of the aperture, and a close layer of 
previously ignited asbestos introduced to prevent any of the 
fine powder being carried away by the gases evolved during 
the burning, which, especially if a mixture of hydrate of 
potash and lime be employed, would give rise to incorrect re~ 
sults, as the potash-chloride of platinum acts in the same way 
towards solvents as the ammonio-chloride. In this respect, 
the mixture of soda and lime is preferable, for should any 
such accident happen, the soluble soda-chloride of platinum 
is easily removed by washing. 

The tube is then connected with the apparatus containing 
the muriatie acid, by a soft tight-fitting cork, placed in the 
combustion furnace, and some air expelled by warming the 
bulb with a glowing charcoal, to sce whether the apparatus is 
air-tight; if so, the front part of the tube, which contains 
none of the organic substance, is heated to redness by sur- 
rounding it with glowing charcoal, that nothing may distil 
over undecomposed. ‘The cork must be kept as warm as pos- 
sible, that it may not retain or imbibe any moisture, which, 
by absorbing ammonia, would oceasion an error in the result. 
As soon as this part of the tube is red-hot, the combustion is 





* A milligramme is equal to “0154 English grain, consequently 400 milligrames are 
‘equivalent to 6.16 grains. oe 
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becoming white of the mixture in the tube is of importance, 
as ammonia in contact with alkali and carbon, ata high tem- 
perature, easily forms prussiate of ammonia, which would 
eause a loss of nitrogen in the analysis. All the carbon, how- 
ever, is burnt when sufficient heat is employed, and not the 
least fear of the formation of cyanogen need be entertained. 

When the burning is finished, the contents of the absorb- 
ing apparatus are poured into a smull porcelain evaporating 
dish, a mixture of alcohol and ather is introduced into the 
apparatus, to remove any carburetted hydrogen from its sides, 
and it is then washed with water till the same shows no acid 
re-nction. A pure solution of ehloride of platinum is then 
added in excess to the sal-ammonine, and the whole evaporated 
to dryness in a drying apparatus guarded against dust. When 
the combustion has been well conducted, the dry ammonio- 
chloride of platinum is of a beautiful yellow colour: if the 
substance contains much carbon, or is difficult to burn, it is 
darker, the muriatic acid becoming black on evaporation from 
contact with carburetted hydrogen. This colouring has no 
influence on the result, if the precipitate be carefully washed. 

The dried residue in the porcelain vessel is treated, when 
cooled, with a mixture of two volumes of strong alcohol with 
one of ether, in which the ammonio-chloride is insoluble, but 
the chloride casily soluble. It is soon scen whether an excess 
of the chloride of platinum has been added, from the yellow 
colour of the liquid. The precipitate is thrown on a filter, 
which has been dried at 212° and weighed, and then washed 
with the same mixture of aleohol and gether, until it rans off 
perfectly clear, leaves no residue, and does not re-act acid. The 
precipitate, perfectly washed, is dried at 212°, and the amount 
of nitrogen calculated from its weight. It is proper to con- 
troul this weighing by exposing the ammonio-chloride to igni- 
tion, and calcolating the nitrogen from the platinum obtained. 
The ammonio-chloride may be considered as pure when the 
two calculations do not eabellayaltee: 
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The Authors, however, prefer determining the amount of 
nitrogen, in the form of ammonio-chloride of platinum, as in 
this case every 177 parts of nitrogen, require 2788 parts of the 
salt; whereas, with metallic platinum, only 1233 parts are 
required, thus doubling the chance of error in weighing. 

It is particularly to be observed, that perfectly pure chloride 
of platinum must be employed: it must contain previously no 
ammonio-chloride of platinum in solution. It is not easy ta 
free the platinum-sponge obtained from the ammonio-chloride 
entirely from the muriate of ammonia. If the sponge be 
boiled in distilled water, the filtered liquor frequently gives 
a considerable precipitate with nitrate of silver. It is, there- 
fore advisable to boil the sponge several times in distilled 
water, previous to dissolving it in aqua-regia. 

In decomposing the ammonio-chloride, Rose recommends 
to place the salt with the filtering paper in the crucible, and 
to expose it for some time with the lid closely applied to a 
moderate heat. If this precaution be not taken, some unde- 
composed salt and metallic platinum may be mechanically car- 
ried away by the vapours of the muriate of ammonia, which 
would occasion a loss of platinum, and consequently of nitro- 
gen. 

Such are the gencral principles on which organic analyses 
are now conducted. I should have been more particular in 
describing each step of the operation, and the precautions to 
be adopted in order to guard against all sources of error, but 
the translation of Liebig’s pamphlet, and its publication in so 
cheap a form, renders such detail unnecessary. In this tract 
the student will find cvery information on the subject that he 
can desire, with excellent wood-cuts of all the apparatus re- 
quired, and I believe, that with a little practice and attention, 
he will, by its aid, soon find himself enabled to undertake 
organic analyses and conduct them with tolerable precision, 

It will not be expected in an clementary work like the pre- 
sent, that a complete view should be given of the discoveries 
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which have beeu made during the last few years in organic 
chemistry, and yct the subject is so intimately connected to- 
gcther, and one discovery has so led on to another, and all are 
of such scientific interest, that it would be a difficult task to 
select for our prescribed limits the most important, After 
much consideration, therefore, I have decided on occupying 
the remainder of this lecture, with a consideration of that 
part of organic chemistry only which relates to, and which has 
a practical bearing on agriculture. 1 have thought that this 
course will probably give the work a more uscful and interest- 
ing character, aud as a mutilated insertion of our existing 
knowledge of scientific organic chemistry would certainly be 
worse than useless, I shall content myself with referring the 
student to the works of Thomson, Graham, Kane, and Liebig, 
for n fall exposition of the subject, 

Food of Plants. (oa former part of this work,* it has been 
shown that the food of plants consists of carbon, oxygen, hy- 
drogen, and nitrogen, It was also shown in a most convincing 
manner, that the first of these clements was principally fur- 
nished by the carbonic acid existing in the atmosphere; it 
must not, however, be concluded that the organic matter in 
the soil is passive with regard to this particular, It is true, 
that originally, ull the carbon in the vegetable world may be 
traced to atmospheric carbonic acid, for we learn from sacred 
history, that there was « time when no vegetable matter existed 
in the soil which overspread the earth’s surface, but we also 
know that plants do not Awwriade or readily ripen their seed in a 
soil destitute of organic matter, and that by constant cropping 
a soil is gradually exhausted, Organic matter must, therefore, 
be removed from the field with every crop. The proportion 
of carbon which plants derive fom the soil on which they 
grow, varies according to the nature of the plant, to the period 
of its growth, to the soil, and to the climate, and it may be 
considered as a gencral law in nature, that plants, like animals, 

* Lecture th. , 
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have the power of adapting themselves, to a certain extent, 
to the conditions in which they are placed, and of pis 
life by the aid of such sustenance as may be within their 
reach, But whether the carbon of vegetables be derived from 
the air, or from the soil, it is unquestionably carbonic acid 
that is decomposed to furnish by far the greater part. Tt ean= 
not, observes Liebig, be assimilated from humus, or from 
Sugar, starch, or gum, for these are the products of plants which 
live only while they generate them. Humus is woody fibre in 
a state of decay, the process being the absorption of oxygen 
and the liberation of an equal volume of carbonie acid, so 
that in a soil permeable to air, every particle of decaying hu- 
mus, must be surrounded by an.atmosphere of carbonic acid, 
which is the firs! and most important food of young plants. ‘The 
observation, however, of Liebig, “ that when the plant is ma= 
tured, the carbonic acid of the soil is no longer required, and 
that in summer the carbon is exclusively derived from the at- 
mosphere,” must be received with certain strictures, as has 
been shown by Johnstone.* “ A little consideration,” ob- 
serves this intelligent Chemist, “will show us that while the 
Proposition contained in the former part of the quotation, may 
be entertained and advanced as a matter of opinion—the latter 
is obviously incorrect. In the summer, when the sun shines 
the brightest and for the greatest number of hours, the evapo= 
ration from the leaves of all plants is the greatest;—the largest 
supply of water, therefore, must at this season be absorbed by 
the roots, and transmitted upwards to the leaves. But this 
water, before it enters the roots, has derived carbonic acid and 
other soluble substances, from the air and from the soil, in as 
large a quantity at this period as at any other during the 
growth of the plant, and these substances it will carry with it 
in its progress through the routs and the stem.” 

We know that soluble organic matter Is absorbed by the 
roots of plants, and carried into their circulation, for the 


* See his Lectures on Agricultural Chemistry and Geology, p. 86. 
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flower of the white hyacinth becomes red after a few hours, 
when the carth in which it is planted is sprinkled with the 
jwice of phytolaca decandra,* and that a chemical change takes 
place in the organic matter after it is absorbed, may be inferred 
from the fact, that the colour imparted to the flower of the 
white hyacinth disappears in the sunshine in the course of a 
few days; there does not, therefore, scem any philosophical 
reason for supposing that plants reject the carbon presented 
to them in the form of soluble organic matter, or for supposing: 
that this element is furnished exclusively by the decomposition 
of carbonic acid. 

The source from whenee plants derive oxygen may be per- 
ceived without difficulty, this clement constituting cight-ninths 
of the weight of water, ths of the bulk of the atmosphere, 
and ths of the weight of carbonic acid: each of these com- 
pounds, therefore, presents an ample supply; but it is from 
water probably that the principal part of the oxygen, as well 
as of the hydrogen of the vegetable world is derived, 

‘The question, whence do plants derive their nitrogen? has 
been already discussed in Lecture 7th, where it was stated, on 
the authority of Liebig, that it is fernished by the decomposi- 
tion of the ammonia, condensed by rain from the atmosphere. 
A few more remarks on this interesting subject will not be out 
of place here, In the case of a well cultivated farm, cited by 
Liebig,t in which, after a given number of years, the quantity 

~ of nitrogen is supposed to be increased, notwithstanding the 
annual exportation of corn and enttle, it is clear, that if the 
excess of carbon and nitrogen was derived from the decompo- 
sition of animals and vegetables extrancous to the farm, an- 
cultivated land ought to differ from that which is cultivated, 
and in proportion as Jand is cultivated, that whieh remnins in 
a state of nature ought to be the less adapted to support ve~ 
getable and animal life. But does this accord with observa- 
tion and experience We have no reason for supposing that 


* Biot. + See pao 200, 
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plants in a wild condition are not as well able to supply them- 
sclyes with those principles which are necessary for their ex- 
istence as those which ure cultivated by man, although it is 
tre that the latter being selected for the nutrient they are 
capable of affording, require more nitrogen; there must, there- 
fore be some compensatory process by which this element is 
furnished, besides what is due to the products of the decompo- 


sition of animals and vegetables, for as animal life is undoubt-- 


edly extending over the carth, and as civilization, and conse- 
quently cultivation are also increasing, we shall be reasoning 
“in a vicious circle,” as Professor Daubeny observes, if we 
refer the nitrogen which plants absorb, to the decomposition 
of animals, while these very animals are supposed to have ob- 
tained their nitrogen from the yegetablé food on which they 
had themselves subsisted, Besides, we cannot suppose that 
the whole of the ammonia, formed by the decomposition of 
animal and vegetable matter, is ever brought within the reach 
cither of the roots or leaves of living plants. A portion is 
daily washed from the soil by rain, and carried to the sea, and 
much more, probably is washed from the air by the water of 
the sea itself, or by the rains which fall directly into the wide 
ocean; and we know of no compensating process by which 
this ammonia ean be restored to the air and again made useful 
to vegetation. Aguin, of the ammonia which remains in the 
atmosphere, it can hardly be doubted that part undergoes de- 
composition by natural processes. Carburetted hydrogen is 
constantly escaping from stagnant pools, as was shown, page 
310, nevertheless, traces of it are only occasionally met with 
in the atmosphere, there is no doubt therefore, that at the ex« 
pence of the oxygen of the atmosphere, it becomes resolved 
into carbonic acid and water, and in a similar manner it is 
highly probable that ammonia may be decomposed into watery 
vapour and nitrogen.* [Eo yoleanic countries, carbonic acid is 

* Johnston concludes, that of the ammonia which ia formed from the nitrogen 
actually existing in animal aud vegetable substances during their decay, only acompara~ 
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known to be evolved in vast quantities from rents and fissures 
in the earth, and in some of these districts, especially in Italy 
and Sicily, ammonia, combined with muriatic acid, in the 
form of sul-ammoniac, is also given off; and in the lagoons of 
Castel Nuova and Cherchiago, where the boracic acid, which 
accompunies hot steam, issuing from the interior of the earth 
is condensed, there is invariably present ammonia, which, 
coming from out of depths in which human beings and ani- 
mals never could have lived, could not have been produced by 
the living organism,* but, according to Licbig, * must haye 
existed before the creation of human beings, and be a primary 
constituent of the globe itself? ‘'his opinion is eagerly seized 
by Professor Daubeny,t and he brings it forward in support of 
his conjecture, “that every particle of carbon as well as of 
nitragen, which enters into the constitution of the plants and 
animals, either now existing or which have existed since the 
beginning of time, may have been originally evolved from the 
interior of the globe;—that the evolution is proeceding continu- 
ally and without interruption, and has been so, like the volcanic 
processes which produce it, from the beginning of time, This 
suggestion is connected with the view which Daubeny is well 
known to adopt with regard to the phanomena of volcanoes, 
which he explains on the supposition of intense chemical ac- 
tions, « heat sufficient to melt lavas being produced by the 
combination of the metals of the earths with oxygen, hence 
the escape of atmospheric air, deprived of a portion of its 
oxygen :—the ammonia disengaged is referred by the Professor 
to the decomposition of water, which, meeting with oxidizable 
clements in the interior of the globe, gives up its oxygen to 
them, and its hydrogen to the nitrogen of the previously de- 
tively small portion ever returns again to minister to the wants of new races. See 
Lectures on Agricultural Chemistry wai Geology. Paye 236. 

© In tho large works in Liverpool, where maturnl bomcie acid is converted into 


borax, many hundred poands of sulphate of ammonia are obtained at the sume time.— 
Livbig. 


+ Soe hie Lectarcé on Agrivalenre y page 98 
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composed atmospheric air, and thus he attempts to account 
for the comparatively insignificant quantities of nitrogen evol- 
yed in the neighbourhood of such subterrancous actions.* But, 
according to Berzelius, ammonia is not unfrequently formed 
when organic substances which contain no nitrogen are oxidized 


© The arguments in favour of the chembcal theory of yolcsmoes, have been ably, 
fend to my tind, convincingly ovmbated by Professor Bischof, of Boan.* 
the quantity of sir roquikite to produce a certain quantity of lava by eaidaticn of the 
earthy amd alkaline roctals, be makes the following calcalations. Supposing that 
parts of the metaitio bases cf the tava from Jina, reqeire 42 parts of oxyzen to pire 
100 parts of lava, 109 parts of atinospberie air containing 23°32 parts of oxygen by 
weight, 100 parts of lava will require 180 parts of air by weight ty be produced. Lara 
being 3°2 times heavier than water, and water being 770 times heavier than atmospberie 
Gir, lava i¢ conseqacatly 2,464 times heavier than the latter. Therofore, the prodastion 
‘of B yoluine of Leva will require 4,435 volumes of air, In the year 178, a mass of lara 
was brought up doring an eruption in the low country of Skaptar Jolcul. in eeland, #8 
considerable ex to suryems in magnitude the bulk of Mount Blane; and i cosatiteted 
lke the lava of Bina, this mass would require for its wroduction & quantity of atmos+ 
Phetie air equal to the bulk of 4,433 times the size of Mount liane, had it been gene- 
rated by oxidation of the metals coateloed in it. ‘Thus @ bulk of nitrogen gus of 3,603 
times as great as that of the mountain mentioned must have been evolved during the 
formation of that mars of lava; with respect to the suggestion of Daubeny, that this 
nitrogen may reach the ale not only ia « seperate condition, but also united with y= 
drogen, in the form of ammonia: Bischof adverts to the sunnll quantities of ammonia 
‘and ealammoniac which occur mong the yoleanic matters in craters or fumarebes, 
‘quantities by no meane sufficient to account for the Ihuge quantities of nitrogen wich 
according to the chemical theory, must be separated ; besides, we have no reason to sup- 
‘poue that the ssme laws of combination which take slace in oar laboratories do mot pre- 
vail in volcanoes, and chemists bave hitherto been unable to unite direetly bydrogen. 
and nitrogen, even by letting down « mechanical mixture of the gases under the sea, 9 
a depth of 510 metres, where the preenure is equal to 50 atmospheres; preeure there 
fore does not seem to favour the combination, and even supposing § did, the asimonia 
formed could searcely be apposed to eseape decomposition from the high degree of 
heat to which it would be immediately subjected. But supposing that nitrate of ammo= 
nla was formed from the ignition of mechanical mixtures of hydrogen in excess, oxygen, 
and nitrogen, this sit could not possibly esenpe decomposition into water und protoxide 
of nitrogen, It is, nevertheless, au undoubted fact, that both ammonia and salammoe 
thine are smong the products of voleunie action, and Bischof refers their preduction tt 
tthe action of heat on the organic mattore contained in the sedimentary rocks in which 
many voloanoes like Vesuvius ere found, In support of this view, be alludes to the 
‘known facts; that among the masses thrown out of Vexnvine, them are not seldom 
Lange masses of limestone, which have Hkely oozssioned the formation of eal-smmonise, 


* Jameson's Philosophical Journal, Vol. xxvi. p. 291. 
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in the air, hence it must be produced in unknown quantities, 
daring the annual decay of all vegetable substances, and it is 
not unlikely that it may be also formed in the soil itself by 
the absorption of oxygen, for when moist iron filings are ex- 
posed to the air, ammonia is produced, according to Chevallier, 


and that during volcanic eruptions, bitaminous odours are frequently perceived lu the 
‘vicinity of the crater. It is also observed by Johnston, that the pasage of moist nie 
over red-hot charcoal, gives rise to the formation of ammonia as well as of carbonic 
‘acid ax may be proved by drawing a curreat of atmospheric air and atesra through « red~ 
Dot gun.barrel filled with well-burned charcoal, and causing the current on leaving the 
barrel to pass throngh water acidulated with muriatic acid, after a time, the water on 
evaporation will be found to contain traces of sul-sminooinc ; which thus takes place ia a 
sonal experiment of this kind, must more readily and more largely take piace én the in 
torior of the earth, where combustible substances at a high temperature happen to bo 
exposed to a current of utimospheric air, mized with watery vapour, and this he thinks 
‘quite sufficient to account for the ammonia evolved in volexria districts, withont having 
recourse to doubtfal speculations, Sino tho existence of combustible matters in such. 
districts und at great depths beneath the surface, can in few cases be doubted, and the 
pasrage of a mixed atmosphere of common air and steam arer such combustible matter 
‘ako high temnporntare is all that is roquired. 

Bat according to the chemical theory of volcanoes, water plays a prominent part ia 
tho phomomena; indeed, according to Daubeny, it may be supposed to be the prrimene 
mobile of the chemical changes which take place ; and he accounts for the non-appear= 
ance of hydrogen gas in the immense quantities to which such eatensive decompositions 
‘would give rise, by supposing it to combine with thoee elementary substences to which 
it would be presented, and for which it possesses a strong affinity. Bischof mects this 
by calculating the quantity of water which would have been required to osidate the me~ 
tullic principles, which formed the lava ejected from the Skaptar Jokul, this he finds 
‘would be equal in bulk to 15 that of Mount Blane, now supposing he hydrogen climi+ 
nated from this to combine with sulphar, forming sulphuretted bydrogen, calenlation 
shows that o mass of sulphur 1° times the bulk of Mount Blane would be required 5 
‘but sulphur and hydrogen combine only at a high temperacure, and if sulphur be supposed 
to be present when the oxidation of the metallic bams takes plice, it ought rather to 
combine with the alkalies and alkaline earths produced, for «)siets it is well known to have 
‘a stroug affinity. A stroag argument against this supposed union of the hydrogen with 
miphur, is the fact, that the disengagements of sulphuretted hydrogen do not take place 
before the issuing of lava, but for the most part after all other voleanie phornomens have 
ceased, whereas, the decomposition of water being the frat paasis of voleanie action, 
the second shoal be the combination of the hydrogen separated with sulphur, and this 
should precede by along period the eruption of lava. The formation of sulpharetted 
hydrogen In voleanic districts may, according to Bischof, be occasioned in « measure 
by the re-action of carbonaccous matter upon sulphates, ia the same manner as the 
waters on the coast of Afrion become impregnated,® for organic matters are not wanting 

* Sco page 278. 
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and when certain oxidized substances are decomposed in the 
air, by means of potassiam, according to Faraday, the same 
compound is formed, and we hare seen, (Lecture 8th, page 
235,) that when tin is rapidly dissolved in nitrie acid, ammonia 
is formed. But is ammonia the only substance, Bor 
composition of which, plants are supplied with nil 
there not any other compound of this element to be found 
soils, or which may be formed in the atmosphere, — 
which a supply may be obtained? According to 
nitric acid and its compounds appear to exist ready: 
nature, in Jarger quantity than either ammonia or any of its 
compounds. It is true, that nitric acid does not form a ne 
y constituent of any of the solid rocks of which the 
crust of the globe is composed, but it is diffused almost uni- 
versally through the soil which overspreads the surface, and 
in India, in Africa, and in South America, it accumulates in 
vast quantities. There can be little doubt that nitric acid is 
formed iu the atmosphere, and that too, not unfrequently, at 
the expenoe of ammonia. It was shown in Lecture 8th, page 
230, that by passing a succession of electric sparks through = 
mixture of oxygen and nitrogen, nitric acid is formed. Is it 
not, therefore, highly probable that the currents of electricity, 
which in nature, traverse the atmosphere, may produce the 
same elect? In the rain which fell duving seventeen thun~ 
der storms, Liebig found nitric acid always present, gene~ 
rally in combination with lime and ammonia, and if, pss a 
thunder storm in our elimate, this acid, (difficult as itis of 
detection in small quantities,) is to be discovered, what vast 
quantities must be formed in those regions where such storms 
are so violent and frequent! When a mixture of oxygen gas 
and ammonia is exploded, nitric acid is formed. It is searcely 
fn sediinentary rocks which ture been broken through by volexnic actions, end wuilphatos 
sist in many wolennie products, When liver of sulphur abounds, exhalations of walphu- 
rotted hydrogen daring the course of many ages may be easily imagined, for thie gna 
oes ts Reed Peers Snaea oleae come into contact with water nd 
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possible, therefore, that some portion at least of the ammonia 
given off from decaying animal matters, can escape decompo- 
sition in the atmosphere during thunder storms, indeed the 
existence of nifrate of ammonia in rain water makes the fact 
almost certain, and as Johuston observes, renders improbable 
the existence of ammonia in the atmosphere in the large quan= 
tity supposed by some chemical writers. Now nitric acid and 
its compounds are exceedingly soluble, and although a large 
quantity, as with ammonia, must be carried down to the sea 
by rains, and absorbed by the waters of the ocean, a portion 
must reach the leaves and roots of vegetables, and enter into 
their circulating system. 

In the artificial nitre-beds of France and the north of 
Europe, which consist of long ridges, or conical heaps of 
earth of different kinds, mixed with large quantities of animal 
and vegetable matter, which are frequently watered with liquid 
manure, and turned oyer to expose fresh portions to the air, 
the quantity of nitric acid which is formed, is much greater 
than could be produced by the oxidation of the whole of the 
nitrogen contained in the organic matters present in the mix~ 
ture, proving in an instructive manner the formation of nitric 
acid at the expence of the nitrogen of the atmospheret We 
may then with reason conclude, that nitric acid has as im- 
portant an influence over the growth of plants in their natural 

















= See page 238. 

+ Tt appears that in our clinvate, organic matters are necessary to cause the formas 
tion of nitric acid to commence, but that after it has begun it will proceed ln the ssme 
heap for an indefinite period; and, ut the expence apparently, of the mifrogen of the 
air only. (Sobuston,) In other climates, however, the preeence of organic matter 
seems unnecessary ; thus, the formation of nitrate of time, in the celebrated usammoth 
cave in Kentucky, is 40 rapid and inexhaustible, that during the war with Great Brie 
tain, fifty sen were constantly employed in Kisiviating the carth of this caves never~ 
theless, in about three years, Che washed earth is sai to have become as strongly line 
prognated as at first. Now this oavo is etuated in a limestono ridge, and » strong 
current of air is continually rushing through it, iawards fa winter, and outwards during 
the summer months. According to Duvis, in China, the old plaster of the honses E10 
much estremed as manure, that parties will often purchase it at the exponce of a costing 
of new plaster. 
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as well as in their cultivated state as ammonia, though the 
precise intuence of each must be considerably affected by 
climate and locality. 

Substances produced in plants. Under this head, I shall only 
introduce those products of vegetation which constitute the 
great bulk of vegetables, for though the chemical compounds 
which may be extracted from the juices of different plants 
are almost innumerable, new substances being daily disco- 
vered, and though some of them are highly important, as well 
from their use in medicine as in a scientific point of view, 
they form so minute a part of the weight of the vegetables 
from which they are derived, that they may be entirely ne- 
giected in the view of vegetation, which I am endeavouring 
briefly to lay before you. 

Substances produced from carbon, oxygen, and hydrogen. 
Woody fibre; its properties and transformations. The chief 
bulk of all trees and herbs, is woody fibre, or lignine. It may 
be procured free from foreign matter, and of a constant com- 
position, (C, ,H,O,,) by treating any kind of wood successively, 
and repeatedly, by dilute acids and alkalies, by water and by 
alcohol, so that every soluble material is removed from it. It 
is a white fibrous mass, without taste or smell, and perfectly 
insoluble in water. It consists, according to Payen, of two 
organic principles; one is the primitive tissue, composing the 
vessels of the wood, and the other fills the cells, and is called 
the incrusting matter. Although it will be observed, that in 
lignine, the oxygen and hydrogen exist in the proportions to 
form water, yet, as when heated or distilled, it cannot be re- 
solved into charcoal and water, we cannot suppose it to con- 
sist of these alone. Woody fibre forms nearly half the weight 
of the dried stalks of the grasses and the corn growing plants, 
but in roots and in some plants which are raised for food, its 
quantity is comparatively small. By the action of heat, woody 
fibre may be changed into starch, for when fine sawdust is 
well boiled in water, then dried, and several times heated in a 
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oven, it becomes crisp and hard, and when ground, it has a 
taste and smell similar to the flour of wheat. In this state it 
may be fermented with yeast, after which bread may be made 
from it, and it yields, when boiled with water, a stifftremulons 
jelly, like that from starch.* By the action of sulphuri 
also, woody fibre may be converted into starch, and even into 
a substance resembling gum-arabie,t and if this gam be di- 
gested with dilute sulphuric acid, it will be gradually converted 
into grape sugar, indeed it is possible to convert linen or fine 
woody fibre directly into sugar, by the prolonged action of di- 
lute sulphuric ncid, Woody fibre is also converted into starch 
by the action of hydrate of potash, for if saw dust be mixed 
with eight times its weight of this compound, and boiled till « 
crust forms on its surface, and if dilute sulphuric acid be then 
added till the whole is slightly sour, an instantancous deep 
blue will be occasioned on the addition of lodine.t Unlike as 
woody fibre, starch, gam, and sugar, are in their properties, 
the above changes will not be wondered at, when we learn the 
composition of these vegetable products. 

2. Starch, its properties and transformations. When wheat 
flour paste is kneaded under a small stream of water, till that 
fluid runs off colourless, « tough dirty white substance remains 
in the hand, and by standing, a white powder is deposited from 
the water,—this is sfarch. When potatoes are reduced to a 
pulp and washed on a sieve, grains of exceedingly pure starch 
pass through andare slowly deposited from the water;—arrow- 
root, sago, tapioca, salop, &c., are each very pure varieties of 
the same vegetable product. 

Starch may be considered next to woody fibre, as the most 
abundant product of vegetation, and as it forms a large por- 
tion of the weight of the various roots and grains which arc 








* Schubler, Johnston, 
+t mconnot. 
+ Soe Lecture 9th, page 902 
2H 
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The composition of starch is— 
Carbon, 44°91 which corresponds to ..... C 
Hydrogen, Gl... 
Oxygen, 4A5‘98 ... 
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When pure, starch has a fine white colour, no smell, and 
very little taste, when kept dry it continues long unaltered, 
though exposed to the air. When examined under the mi- 
croscope, it appears under the form of rounded grains, which 
vary In their shape, not only when the starch is extracted from 
different plants, but even from the same plant. Each grain is 
formed by a number of concentric layers, which increase in 
density and consistence from the centre. ‘They are lodged in 
particular cells, in the plant which produces them, and in- 
crease in size as the plant advances to maturity.* In cold 
water, and in alcohol, starch is completely insoluble; but by 
boiling water it is resolved into a mucilayinous liquid, which 
forms a jelly on cooling. By exposure to a heat uot above 
300°, starch is graduully converted into a gum st which is found 
a good substitute for gam-arabic, and which is largely manu- 
fuctured in this country; by the action of boiling water, it is 


rae 











* According ¢6 Raspail, theeo geaine consist of veicieles, feloring within them a 
lear, transparent, colouriess Niquille In coMl water, these vessieles romain entire nnd 
insoluble, at when put into boiling water they burst, thw central Hania Aiesolves in the 
water, and the husk, or outer coat of the veucisle becomes much more bulky and trans 
parent than It wae before, and thonts undissolved in tho Hiquid. Woat causes these wes 
icles to burst, and to empty themsetves of the Liquid wiich they contain, “Thus it 
appears, that starch consists exientially of two distinet substances, 1. "The Liquid whit 
fils each little yescicle, consisting of water, holding in solution » pecaliar substance, 
called bs its discoverer Guerin-Varry, emidin. % ‘The vestionlar portion of the grain 
which is insoluble in water, and which ts called amytin. Por « detailel deseription of 
theac substances, seo Thomton's Ongutilo Chemistry, nage 62, ct neq. 

+ According to Vogul, during the buking of head, there be a conrursicn of starch 
into gum, for he found that flour which contained no gum, gave when baled, n breed of 
which, 18 per cent. consisted of ux, 
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and both consist of carbon and the elements of water united 
together in the same proportions. Gur exists in the juices of 
many trees from which it does not exude, and in the sap of 
most plants it isto be detected. It is a most important com- 
pound in the vegetable cconomy, being one of those forms of 
combination through which organic matter passes, in the series 
of changes it undergoes during the development and growth 
of the plant. By a prolonged digestion with sulphuric acid 
gum is partly converted into sugar. 

4. Sugar. There are vurious substances which from 
their sweet taste, ure known as sugars, though they have no 
other properties in common; but the most important are those 
which, when mixed with yeast, undergo a peculiar decompo- 
sition, and are converted into carbonic acid and alcohol, these 
ore cane sugar, grape and starch sugar, milk sugar, mushroom 
sugar, and the insipid suger of Thenard, of which varicties 
the two first are the most abundant, and the best understood. 

Cane Sugar. 'This sugar exists in many plants, in the juice 
of the maple tree, of the turnip, carrot, and beet, in the un- 
ripe grains of corn, at the base of the flowers of many grapes 
and clovers when in blossom, und even in many small roots it 
may be detected. Almost the whole of our sugar is produced 
in the Bast and West Indies; the plant from which it is ob- 
tained is the arundo saccharifera, or sugar canc,* but during 

* The following |e the process for making sugar, adoptad In the West India islands. 
‘The jaice extracted by passing the cane twice botween tron rollers is received in a 
leailen bed, and thence conduatel into a receiver. Harv it oxn not by allowed to atandl 
above tweaty minutes without beginnlog to formont. Therefore, as soon as collected, 
itis run into & flat copper ealidron, called a clarifier, capable of holding 400 gallons or 
more. Hore it is mixed with a quantity of lime. ‘The muxiznum weed is « pint of limo 
toevery hundred gallons; but ia genoral much Joss will servo, Pico is finiuediately ap= 
plied, and the Juice heated to 240°. ‘The fire fs then extinguished ; n thick wiseid acum 
forms upon the top, which remains unbroken, and the clear liquid is drawn off from 
under it by a cock or asphon, and introduced into « large copper boiler. Mere it is 
boiled briskly: the sewn as it ls format bring continually removed by Large skimmer. 
‘When the bulk of the liquid is suiliciontly diminished i ts introduced into 0 second 
boller, and the boiling and skimmiax coatinued xs before; time-waler being sometimes 
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Grape sugar is very extensively diffused in nature. It is the 
sweet principle of rnisins, figs, and of most acid frnits, it forms 
the solid part of honey, and is the sugar of diabeticurine. Itis 
called by Dumas glucose. It may be obtained from raisins or 
honey, by digestion first with cold strong alcohol, to remove 
the uncrystallizable sugar, and then expressing the residue 
which is to be dissolved in water and neutralized by chalk. 
The sugar so obtained may be clarified by white of egg, and 
evaporated to crystallization. This sugar is the sweet sub- 
stance of all fermented liquors, and though it has all the sen- 
sible characters of canc sugar it differs considerably from it in 
chemical constitution, being composed of 











Carbon, 40-47 which corresponds with .... Cu 
Hydrogen, 659 : Hin 
Oxygen, ID ay. ooas:- saan sees aenhers’ Ont 
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Thus it contains the elements of two atoms of water more 
than cane sugar.t By the action of dilute sulphuric acid, 
ajded by a gentle heat, cane sugar is converted into grape 
sugar, the same change is effected by tartaric and other vege- 
table acids. 

The acids which play the most important part in vegetation, 
being present in large quantity in many plants, and in most 
unripe fruits, are the acetic, the oxalic, the tartaric, the citric, 
and the malic, all of which, exeept oxalic acid, are composed 
of carbon, oxygen and hydrogen. 


+ Solutions of these two sugnre may be distinguished by the following cherafoal 
charactors. Ist. If the solution be heated end a fow drops of sulphuric acid then 
added, cane sugar will be decomposed, blackeno and made to fall axa black or brown 
powder, while nvolution of grape sugar will at most be ory wlightly @iscoloured. 2. If 
instead of sulphuric, esustio potash be employed, tho osne sugar will be unchanged, 
while the grape suger will be blackened and thrown down.—Johnafon. 

+ For x detailed account of the various mugurt, and for a List of the plants from 
which sugar has been extracted, the student is referred to Thomeon's Organic Che- 
istry. 
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1. Acetic acid, or vinegar. This acid is by far the most ex- 
tensively diffused, and the most largely produced of all the 
organic acids. It is formed during the fermentation of seeds ; 
it exists in the juices of plants, and it is abundantly evolved 
during the fermentation of all vegetable substances ; its com- 
pounds with lime, magnesia, and alumina are very soluble in 
water. It is composed of 

Carbon, 47:5 which corresponds with . 
Hydrogen, 5:8 .. : 
Oxygen, 467 .. 

Like sugar and starch, therefore, it consists of carbon and 
the elements of water, hence the rationale of its formation, 
though long wrapped in obscurity, is casily explained. Vine- 
gar is well known to be largely derived by the action of the 
air upon alcoholic liquors, now no carbonic acid is evolved 
during this conversion, as was ascertained by Dobereiner, and 
when platinum black is placed in contact with alcohol, it be- 
comes incandescent, and vinegar is formed. "The composition 
of alcohol is represented by C, Hy O, and if to this we add 
four equivalents of oxygen, and deduct three equivalents of 
water, we shall get the expression for acetic acid. Thus 












Aleohol C,H, O 

Four of Oxygen oO 

Ci He O. 

Deduct H: O; 
C,H,0, = Acetic acid. 


Pure alcohol, diluted with water and exposed to the air, docs 
not acidify. The presence of an oxidable azotized body is 
necessary, the action of which I shall endeavour to explain 
presently.* Vinegar is also obtained by the distillation of dry 


* In Germany, vinegar is made from alcobol, in the following manner. Strong 
alcohol is diluted with 4 or 6 parts of water, and about 1-1,000th of yeast, must of beer, 
vinegar or honey added to it. To acidify this liquid it is heated to 75° or 80°, and made 
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wood; as thus produced it is frequently called pyroligneous 
acid. Its formation from woody fibre is easily to be under~ 
stood, the absorption of the elements of one equivalent of 
water being all that is required ; thus 
WOODY FIBRE. 3 Bavrv: OF VINEGAR, 
Cu Hy Os plus H, O, = Cy H, O, 

Vinegar is also frequently prepared for household purposes 
by keeping sugar and water with a little vinegar for a length 
of time at a moderate temperature, The change in this case 
is easily understood, for if the elements of one equivalent of 
water be deducted from the formula for cane sugar, the ele- 
ments of three equivalents of vinegar will remain. Thos 

CANE suGaR. 3 rauiv. o vixroar. 
Cu Hy Ow minus H,O, = C,H, 0, 

2. Ovalic acid, C, OQ, This acid which has been already 
described,* occurs in combination with potash in the sorrels, 
in rhubarb, and in the juices of many lichens. Those lichens 
which incrust the sides of rocks and trees, not unfrequently 
coutain half their weight of this acid, in combination with 
lime. 

3. Turtarie Acid. This acid exists in many fruits, and also 
ag tartrate of lime in several roots. In the juice of the grape 
it exists in the form of bitartrate of potash, and owing to its 


to trickle through a cask filled with beech wood shavings, and pierced with holes st top 
and bottom, to allow a circulation of air through ft. rom the great surface exposed 
by the liquid, the absception of oxygen is moat rapid, and the temperature rises to 100 
or 1047, When the liquid lhas been passed three or four tines through the Barrel at the 
‘high tomporature, all the alechel it contains is changed {nto Vinegar, an operation whieh 
may be completed in 2 or $6 hours. Thia method has almout entirely superseded tho 
old one, of mere partial exposure to the sir in vats. ‘The vinegar of commerce has fro 
quently its pungency and acidity increased by the addition af acrid herbs, as capsicum, 
nd by sulphuric acid. To obtain it free from these impurities it may be re-distilled. 
‘A pure and strong ncetioncid is best obtained by distiling one part of dry acetate of 
soda with fwo parts of ail of vitriol, by the aid of « moderate heat. ‘The sulphuric 
‘acid with which the first diatilation is contauluatol, may be removed by reotifying oFor 
per-oxide of lead. 
* Lecture vill. page 260, 
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inaoinbility in alcohol it is precipitated dure the ferments- 
Gon of wine aa argol, in which state it is known and much 
ase in commerce, as also when purified as cream of tartar. 
Pure tartaric acid is composed of 





Carbon, 36°91 which corresponds with .... C, 
Hydmgen, 3° 1: 
Oxygen, GF oO, 
100 
In this acid, therefore, the oxygen and hydrogen are not in 


the proportion to form water, and consequently it cannot, like 
starch, sugar, é&c., be represented by carbon, and the elements 
of water alone. 

In the grape and other fruits in which tartaric acid exists, 
there are two ways in which it may be supposed to be formed. 
First, from the elements of carbonic acid and water with the 
evolution of oxygen, thus— 

4 of Carbonic acid, = C, 0, 


2 of water, ......-- H,0, 
TARTARIC ACID. 


C,H, 0, or C, H, 0, + 50. 
Second, from the gm and angar alrea-ly present in the sap, 

aided by the absorption of oxyzen from the atmosphere, thus— 
Grape sugar, C,H 0; 
fof grape sugar, Cy Hy O. 
3 of oxygen, 0; 
——__ rarranic acip. 

C, H, O, or C, H, O, + 2HO 
In the sunshine, the green parts of plants absorb carbonic 
gen. If, therefore, any of the green parts 





acid and give off 03 
of plants which contain tartaric acid in their gencral sap, give 
off only § of the oxygen contained in the carbonic acid they 
drink in, tartarie acid may be produced. In the dark, they ab- 
sorb oxygen, and give off carbonic acid. If the bulk of this 
utter gas which excapes, be less than that of the oxygen which 
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enters, a portion of the sugar, or gum of the sap, may be con- 
verted into tartaric acid.—Joknston. 

‘The conversion of tartaric acid into grape sugar, as the fruit 
advances to maturity, may take place : first; by the direct evo- 
lution of excess of oxygen: thus— 

3 of tartaric acid, = C,, Hy O» 
6 of water, = H, O 
——— _ onarr svean. 
C,H, O. = C,H, Os + 90 
~~ 

Or grape sugar may be formed from 3 of tartaric acid and 6 
of the water of the sap, by the evolution, at the same time of 
9 of oxygen. Second; by the absorption of oxygen and the 
evolution of carbonic ‘hus— 

1 of tartaric acid, = C, H, O, 
lof oxygen, = 








0, peta 
th ol ‘ape sugar. 
HO, = G10, +20, 
Citric acid. It is this acid which gives their acidity to the 
lemon, the lime, the orange, the cranberry, the red whortle- 
berry, the bird-cherry, and the fruits of the dog-rose, and the 
woody night shude, [bis alse formed in some roots, as in the 
dahlia pianata, and mixed with much malic acid in the cur- 
rant, cherry, gooseberry, raspberry, strawberry, common whor- 
tleberry, and the fruit of the hawthorn. It is usually pre- 
pared from lemon juice, which is clarified by rest, then sa- 
turated with chalk and the citrate of lime, after being well 
washed is decomposed by dilute sulphuric acid. Citric acid 
crystallizes in right rhombic prisms, its taste is very agree- 
able, it is very soluble in water, but the solution does not 
keep, soon becoming covered with monldiness. It is compo- 
sed of 
Carbon, 41-49 which corresponds with .... © 
Hydrogen, 3:43. 
Oxygen, 55-08. 
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ever, when separated from starch, it is scarcely digestible. It 
is not a pure principle; when digested in hot alcohol till every 
thing soluble is taken up, it leaves a bulky substance of a greyish 
colour, which has been called vegetable albumen, a substance 
which possesses all the properties of the white of egg; it is 
soluble in water, but the solution is coagulated, and rendered 
insoluble by heat and acids. Like sugar and starch, gluten 
and vegetable albumen are identical in composition, being 
composed of 

Carbon, 54-76 

Hydrogen, 7:06 

Oxygen, 20-06 

Nitrogen, 18-12 


100 + 


gredients which coutein the largest amount of nitrogen, and consequently afford tho 
greatest degree of nutriment; namely, the gluten and albumen. As an instance, the fol« 
lowing communication of Mr. Hystt, of Painswick, to the journal of the Royal Agri- 
cultural Society of England, may be quoted. His experimonts were mado upon the 
stone, or corn-brash of Gloucestershire, a coarse and Sinpare oolitie limestone, which 
had been drilled with white Sicilian wheat in the autumn, Nitrate of Soda at the rate 
of Lewt. to the acre, was on the 21st of April, sowa and boed in over all the field, ex~ 
cepting two square portions, which wore staked out and left un-nitrated. On the 16th 
‘of May, the effect of the salt was perceived, by the dark groon colour of the plants. 
‘The cesults of the harvest were as follows :— 








‘Value Pee Acre Excess, 
Bu. Poke. Pte. 
Corn Clean, 7 ® 9 
— Tail, 2 3.hU 
— Total, 0 








Tons. ewt.qre Ibs, | tons.cwt. qr Ibs. | tons. cwt. qr Ibe 
& 6 


Straw, 134 12 3 |] 06 8 6 
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‘To obtain it, ground malt is macerated for some time in water, 
the whole is then subjected to pressure, and the liquid which 
flows out filtered, and then heated to the temperature of 158°, 
‘This temperature is sufficient to coagulate and cause to sepa~ 
rate the greatest part of an azotized matter which exists in the 
liquid. ‘The liquid being filtered again, is mixed with a suffi- 
clent quantity of alcohol to throw down the diastase, while 
the sugar, colouring matter, and the residue of the azotized 
Substance remain in solution. To obtain the diastase pure, it 
should be again dissolved im water and thrown down by alco- 
hol, and this should be repeated twice. As thus obtained, 
when dry, it is a solid white amorphous substance, soluble in 
water, but insipid. Malted barley contains not more than 
1-500th of its weight of diastase. In unmalted barley, it 
cannot be detected ; neither can it be found in the potatoe till 
the root has thrown out tubers, when it is found at the base 
of the shoot, but after the first trae leaves of the plant have 
been fully formed and expanded, the diastase disappears. 

‘The remarkable property possessed by diastase is that of 
decomposing starch into its constituents, entering into com- 
bination with the amadin, and causing it to become soluble in 
water, and separating the vescicular portion or amylin. It is 
from this property it derives its natme.* The soluble portion 
of the starch is called dextrine ;¢ it has the same composition 
ag starch. The svlution of diastase, whether it be pure or 
contain sugar, separates amadin from all starchy substances 
containing it, and such is its energy, that one part of itis 
sufficient to render soluble the interior portion of 2000 parts 
of starch, and to convert it into sugar, 

The use of diastase in the germination of seeds is thus ren- 
dered apparent. All seeds contain starch, which is the food 
of the future germ, and all likewise contain nitrogen. Now 

* From the Greck word duerquy I separate. 


+ Because its solution causes the plane of polurizstion of a ray of polarized Light 
passing through it, to deviate very considerably to the right, 
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starch is insoluble in water; it could not, therefore, accom- 
pany the fluid sap when it begins to circulate. As soon, how- 
ever, as heat and moisture awaken life in the seed, diastase is 
formed from the gluten or albumen of the seed; the starch is, 
rendered soluble, it is taken up by the young vessels and con- 
veyed to the point of growth, and there it is converted into 
sugar, and having performed this important service and ex~ 
hausted the starch, the functions of the diastase cease, and it 
is itself transformed and carried into the general circulation.® 

Dextrine is prepared on the large scale, from ground malt 
and flour, and from the syrup obtained, spirits are prepared 
by fermentation ; by checking the action of the diastase, at a 
proper time, a jelly is formed, which when mixed, while hot, 
with yeast, and kneaded into a dough, serves well for the 
preparation of bread. When dricd in thin layers by exposure 
to the air, it may be reduced to powder, and in that state in- 
troduced into all kinds of pastries, chocolate, bread, &e.f 

On reviewing the scries of substances which constitute the 


* In malting, it ix woll known that the procest of germination is artificially produ~ 
cod. Ibis the dlastaso in malt which dissolves the staroh of the barley and converts it 
nto sugar ; but as the diastase contained in malt fs sufficient to dissolve so large m quan 
tity of starch, it is obviously a waste of Iabour to malt the whole of the barley 
‘employed. One of malt to thres of barley, Johaston thinks would probably be eufll~ 
Giont in most cae, to obtain a wort containing the whole of the starch in sotntion. 
‘Tho art of malting consists in destroying the lif of the young plant at the tine when 
‘the conversion of the starch into sugar is most complete, and yet before much suger 
thas been nesimilated by the germ, and this ts practically found to be the cane, when the 
radios] has grown es Jong as the grain, but doos not project beyond it. Barley, by being 
‘converted into malt generally increases two or three per cent. in bulk; and loses at 
an average about 1-5th of ite weight or 20 por cent., but of these 20 parts, 12 are to be 
ssctibed to kiln-drying, and consist of wator which the barley would have lost bad it 
been exposed to the some temperature, so that the real lows does not exceed eight per 
‘ceat. In the oninary process of brewing, the mashing oF infusing of the malt aboald 
‘be begun at 160" or 170°, the temperature at which the diastase acta more advantageously. 
‘The temperature may, afterwards be raised by adding water at 185° or 195° to tho mash: 
‘tun. ‘Tho srccharization is gonerelly comploted in an hour and a balf at the utmost, end 
the sweet worts are then run into a copper to be boiled and hopped. ‘The sugar it 
‘afterwants converted Into carbonic acid and alcohol by the action of another principle, 
‘hich will be described presently. 

+ Thomson, 
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great bulk of plants, we find that the greater part of them 
may be formed entirely out of carbon and the elements of 
water, but taken as a whole, ordinary wood contains a variable 
excess of hydrogen, It is worthy of remark also, that the 
power of the Chemist to imitate the living principle, is limited 
to one direction, and even in that he can only éransform, he 
cannot construct. ‘Thus, he can change lignine into starch, 
starch into gum, and gum into sugar, but he cannot reverse 
the process; he cannot change sugar into guin, or gum into 
lignine, still less can he make lignine, gum, starch, or sugar 
by the direct union of their elements. By the action of nitric 
acid upon starch, wood, or sugar, he can form oxalic acid, but 
he possesses no power by which he can cause the carbon and 
the oxygen to unite directly, so as to constitute that acid, Tn 
producing organic substances, he must employ other organized 
substances,—substances themselves only formed under the 
direction of the living principle. 

In our attempts to explain the phonomena of vegetation, 
and to investigate the mode of formation of the various prin- 
ciples of plants, and the chemical agencies by which one is 
transformed into another, we are beset with difficulties arising 
from the complicated nature of the mechauisim, and the ob- 
scure nature of the decomposing forces which appear to preside 
in organic changes. 

Even at the commencement, when the seed begins to ger- 
minate, we ure presented with facts which we cannot explain; 
we know that # seed will not germinate without the presence 
of atmospheric air; we know that it absorbs oxygen and gives 
off carbonic and acetic acids; but although it is easy to under- 
stand how these two substances are formed from the starch of 
the sced,* we are as yet ignorant of the immediate purposes 


* Starch may be represented by 12C-+ 10HO, it only therefore, requires an adi« 
tional quantity of oxygen to separate from it carbonic acid and water. Vinegar is re- 
presented by €,HyOy, theeefore three atouns of vinegar and one atom of water are 
equivalent to one atom of starch, 3 (CH ©) +HO=Cy.Hi oOo 

2 
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water and carbonic acid are given off. The sameactions are 
constantly going on in the pefals or flower leaves, and the 
absorption of oxygen and production of carbonic acid is, in 
some plants, so great ns to canse a perceptible increase of tem- 
perature. 

Tn the case of plants bearing farinaceous seeds, particularly 
in annuals, when the flower expands, woody fibre is little re- 
quired, and the energy of the plant is occupied in transforma- 
tions exactly the converse of the firsts instead of changing 
starch into gam and sugar, it is.occupicd in converting the 
sugar of the sweet and milky sap into starch. Now, as before 
remarked, although by the agency of diastase and of dilute 
sulphuric acid, we can transform starch into sugar, we know 
of no method of re-converting sugar into starch, and we can- 
not, therefore, explain how this change is brought about in 
the living plant.* 

But in trees and perennial plants, a provision is to be made 
for the young buds which are to shoot out from the stem and 
branches in the ensuing spring; the labour of the plant is not 
then finished, as is the case with annuals, when it has deposit- 
ed in the ripened seed « supply of food for the future germ. 
Tn trees and permanent shrubs, the sap continues to flow till 
the leaf withers and falls, and the food of the plant is con- 
verted partly into woody fibre, which is deposited beneath the 
inner bark to form the new layer of wood by which the tree 
is annually enlarged, and partly into starch, which is distri- 
buted differently in different trees: in some, as in the birch 
and pine, it is deposited in the same locality as the woody fi- 
bre; in others, as in the willow, it is distributed through the 
substance of the wood itself; und in others, as in palm trees, 
it is intermingled with the central pith. These deposits con- 

* As nitrogenous substances exist In the «xp of plants, and are carried up in con~ 
siderable quantities to the flowers sud soed vessels, (t és supposed that they are eon 
corned ay immodiate agents in effecting these transformations, ‘This clement is preaoat 
fin the colouring matter of the petal, and it {s sald to be given off by the tower lest. — 
; 22 














474 INORGANIC CONSTITUENTS OP PLANTS. 


tinue as long as the sap continues to flow, and abundance of 
nourishment is thus leid up for the young bud. aod 

‘The rapidity with which some plants convert their food 
(which we have secn consists principally of carbonic acid and 
water) into woody fibre, starch, &c., is truly wonderfal, A 
stalk of wheat has been observed to shoot up three inches in 
as many days; of barley, six inches in the same time. Du 
Hamel noticed a vine twig which grew nearly two feet in three 
days; and Johnston mentions a bamboo which he saw at the 
Botanic Garden, at Brussels, which had increased in height 
nine fect in 27 days, sometimes making a progress of six to 
eight inches in a day. Although in our climate instances of 
such surprising rapidity of growth are uncommon, our garden 
plants, particularly the French bean or scarlet runner, fre- 
quently furnish us with proofs of the amazing rapidity with 
which vegetable food is absorbed, assimilated, and transformed, 
and our wonder is not diminished by the consideration of the 
numerous and complicated chemical changes with which the 
production of every grain of the substance of these plants is 
attended, and the length of time daring which, year afer year, 
they proceed in the same plant and in the same vessels. 

Inorganic constituents of plants. When any vegetable sub- 
stance is submitted to the action of heat, the carbon, hydro- 
gen, oxygen, and nitrogen, burn away and disappear, but 
there remains behind, a variable portion of fired matter, which 
as it bears so small a proportion to the weight of the plant, 
was long regarded as the result of accidental circumstances, 
and of no essential consequence to the plant. But when 
Chemists came to examine this fixed or inorganic residue 
carefully, when it was found that in each plant, on whatever 
soil it was grown, the quantity and quality of the ash was the 
same, when the remarkable discretionary power of absorption 
which they exercise when in a healthy state was noticed, it 
became evident that.the study of the inorganic constituents of 
plants is in the art of culture an object of as much importance 
as that of their organic constituents, 
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The following table exhibits the weight and composition of 
the inorganic matter contained in 10,000 parts of the three 
most commonly cultivated kinds of corn, both sced and straw, 
and of ved clover and sainfoin hay. The Author has been for 
some time engaged in an investigation into the chemical com- 
position of the ashes of vegetables, and intends hereafter to 
publish a full account of his results: in the meanwhile, the 
following selection will serve to show how unlike is the quan- 
tity of inorganic matter contained in the same weight of the 
different crops raised by the farmer. 

COMPOSITION OF THE ASI. 
































He q i3| i 7|q : 
awe. |25) E Rie a4 
Hd lalala |} (Bel bla [aly 
BE) a |= | 2 | a | & legisal 2 | 2 |e 
When. -| ia a | 2s joes | 6a {i903 |13|— aes |r| 3 
Wheat straw, 36 143 | 15 jeso4 | 20° | 209 hiss] — 20 | 47 | 42] 8 
Barley..es+9| 228 24-79) 26°25 107-5 | 23 | 1692) 3-8] — 389 | 5-35 216/127 
Barley straw. 370. 43 16S [2405 | 23° 63 8 [LG 1275) 2 | 2025 
Outs. {270 182 }a79 jos | 5-75) a75}2|— an9 | o | eat 
‘360 14" eS 100" | 3875) 106 | 4) — | 20 last bs 
440, 98 | 32° GB" 126" 40 js | —| oe uM uid 


-| soaises Sra | 403 Be7 | 62] 8 1003 | 364 23°7| 44 





Now as the quantity and quality of the ash is constant in 
every soil, it cannot be considered as the result of accident, 
but must arise from some natural law, and the inference must 
be drawn, that plants possess the power of drawing from the 
soil, that proportion of inorganic matter which is adapted to 
their constitution, and us from the same soil, different plants 
select different quantities of saline and earthy matter, so from 
the common sap do the bark, the leaf, the wood, and the seed 
select and retain that proportion which the healthy growth 
and nourishment of each requires. 

That inorganic matter must, cqually with carbon, oxygen, 
hydrogen, and nitrogen be considered us part of the necessary 
food of plants, is proved by the fact, that they cannot thrive 

213 
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It would be foreign to the purpose of this work, to enter 
into an examination of the origin of soils:* 1 shall merely 
observe, that when it has originated in the decomposition of 
granitic or slaty rocks, the silica, alumina and potash are a~ 
bundantly supplied from feldspar and mica; lime and magnesia 
also may be derived from associated minerals though It is 
generally found necessary in such soils to add the former of 
these carths. When the soil is formed out of pure limestone, 
lay, and siliccous gravel must be added, and the deticiency 
of potash must be supplied by the ashes of other plants and 
cinders of coal. If the soil be purely siliceous, the addition 
of clay and lime may bring it to a proper composition. 

The temporary diminution of the fertility of soils, is attri- 
buted by Lichig, to the exhaustion of the alkalies, and not as 
{s generally supposed to the loss of humus, Almost all the 
cultivated land in Europe, he observes, is in this condition, 
‘The first colonists of Virginia found a soil in a state of per- 
fection ; and they were able to obtain harvests of wheat and 
tobacco, on the same spot, without manure fora century. The 
ground is now exhausted, and will produce neither without ar= 
tificial manure. Now wheat is well known to be exceedingly 
exhadsting to land, not only on account of the Jarge quantity 
of phosphoric acid and of potash which it requires, but also 
on account of those excretory products, which, according to 
the observations of Macaire and Decandolle, are given off 
from the rootlets of all plants, and which though without in- 
jury, and indeed advantageous for the growth of plants of a 
different family, are poisonous to those of the same kind.t 





‘volatile alkali in clays anid in oxide of iron, may have been formed in the soil during the 
oxidation of the iron, or ditring the decay of animal and vegntable xubstances, 

* ‘The student will lad the subject fully disoussed in Jobuston’s Lectures oa 
Agricultural Chewilstey and Geology.” 

Ik is proper to obsarre, that Physiologiate are divided in opinion respecting the 
‘exoretory powor of plants. ‘The experiments of Macaire anid Decandolle hare been 
‘met by counter experiments by Braconnot, and several eminent vegetable Physiologists 
have, in consequence, rejected the theory. 
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Here then we sce reatons for that Insti 
which is found so necessary in occonomic agricultare. We 

may easily conceive a portion of undigested inatter to pass 
Gcigh iis meses ob auselana be capable of assimila~ 
tion by another; and it may be the same with plants; a por- 
tion of matter may be taken up by the roots, and not being 
required, may be returned again to the soil, and yet this ex- 
crement may be essential to plants of another species; but 
where food is once assimilated, it cannot again serve im other 
plants to form the same constituents. Now this’ excrementi- 
tious matter, by exposure to the air and water, undergoes de- 
cay, and is finally converted into a substance which supplies 
the place of humus. The quickness of this change depends 
greatly on the nature of the soil; decomposition takes place 
nwwech sooner on a calcnreous than on an argillaceous soil, be- 
cause the power of absorbing oxygen is inereased by contact 
with ulkaline constituents. 

By attending to the proper rotation of crops, the soil is pre~ 
served fruitful for each. ‘Thus, if wheat he grown npon a soil, 
the rocky substance of which is rich in potash and phosphoric 
acid, the crops will, after a few years, be unproductive, and 
the soil impoverished, because the rock decomposes too slowly 
to supply materials for the wheat as fast as they are required; 
but if we take from that soil a crop of wheat but once in 
three years, and interpose some other plant, as trefoil, turnips, 
or potatoes, which take up but little potash and no phospho= 
tic acid, the soil has time to recover its constitution. 

One of the most important objects then of the alternation 
of crops, is the artificial production of humus, for the maxi- 
mum of produce in plants is always in proportion to the quan~ 
tity of nutriment supplied to them in the first stage of their 
development; but it is obvious that no alternation, however 
judicious, can supply the deficiency of those constituents which 
are removed in the seeds, roots, and leaves of the plants raised 
upon the soil; hence the use of manures, which may act 
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cither by supplying to the soil some mineral ingredient in 
which it had been deficient, or by providing organic matter, 
which, by its decomposition may give out carbonic acid and 
ammonia for the nutrition of the young plants. To the first 
of these, the solid excrements of animals belong, for they 
contain so little nitrogen, that they cannot by means of it, be 
supposed to exercise any important influence on vegetation. 
‘The composition of the excrement of animals varies according 
to the nature of their food: that of animals that feed princi- 
pally on grass, contains very little azotized matter, but abounds 
in silicate of potash, and in salts of phosphoric acid. It re~ 
quires indeed but little consideration to be satisfied, that the 
excrement of all animals cannot contain as much nitrogen as 
the food on which they live, for the process of nutrition con- 
sists chiefly in the progressive extraction of nitrogen from the 
food; but yet, the whole of the nitrogen contained in the 
food is not retained by the animal; suppose a cow, for in~ 
stance, to consume 25lbs. of hay per day, then { of a lb. of 
nitrogen must have been assimilated, hay containing, accord- 
ing to Boussingault, one per cent. of nitrogen; this } of a lb. 
of nitrogen is equivalent to 8-3 Ibs. of flesh in its natural con- 
ditions but every one knows that a cow does not increase in 
this proportion, we must look, therefore, for the apparent de- 
ficiency to the milk and urine; now it is found that the urine 
of a milch cow contains less nitrogen than that of one that 
does not yield milk, and it is also known that a cow cannot 
be fattened as long as it yields a plentiful supply of milk. It 
ig in the diguid excrements of animals, therefore, that we are 
to look for nitrogen, and every kind of animal manure usually 
employed in this country, owes its efficacy, as far as it is de- 
pendent on the ammonia present, to the urine rather than to 
the solid excrement of which it is made up, and hence be- 
comes materially deteriorated in this respect, when the more 
liquid portions are allowed to drain off. 

But the constituents to which the solid excrements of ani- 
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mals in general owe their principal efficacy, are the earthy 
phosphates, 100 parts of horse dung, dried at 212°, leave 
from 25 to 30 parts of solid matter, and contain from 69 to 
75 parts of water. This solid matter consists of variable 
quantities of salts and carthy mutters, and accordingly with 
every 8,600 or 4,000lbs. of fresh horse dung that we place on 
the soil, we udd to it from 2,500 to 3,000Ibs. of water, from 
730 to 9001bs. of gall, and from 100 to 270Ibs. of salts, con 
sisting principally of the phosphates of lime and 

carbonate of lime, and silicate of potash: the first three of 
which preponderate in the corn, and the latter in the hay on 
which the horse was fed. Thus in 1000Ibs. of horse dang we 
present toa field, the inorganic substances contained in 6,000Ibs. 
of hay, or 8,300Ibs. of oats; and a sufficiency of potash and 
the phosphates to supply 14 crops of wheat.—Liehig. 

‘The great value of unimul manures in promoting the growth 
of corn is thus seen, and we are also enabled to understand 
why the ashes of some woods, 48 the beech, are 80 much more 
valuable than the ashes of others, as the ouk and fir, Accord- 
ing to Liebig, every 100Ibs. of the lixiviated ashes of the beech 
spread aver the soil, yields as much phosphate as 4001bs of 
fresh human excrement, and will be sufficient to supply a field 
with phosphoric acid enough for the production of 3,820lbs. of 
straw, or for 15 to 18,000lbs. of corn. 

‘The remarkable efficacy of bone manure is ulso rendered 
intelligible; according to Berzclius, bones contain 55 per cent. 
of the phosphates of lime and magnesia, and 8lbs. of bones 
contain as much phosphate of lime as 1,000lbs. of hay or wheat 
straw, and 2ibs. as much as 1,000Ibs. of the grain of wheat or 
oats; and 40lbs. of bone dust to the acre are sufficient to sup- 
ply three crops of wheat, clover, potatoes, and turnips with 
phosphates,* 

* Acconding to Licbig, the best method of applying bone manure iato digest the bones 
for some time in half their wnight of sulphuric acid, dituted with three or four parts of 
weter ; thea add one hundred parte of water, ond sprinkle the misture over the field 
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‘The great value of urine as an organic manure, hus not 
hitherto been sufficiently appreciated in this country; during 
its decomposition, it exhales a larger quantity of ammonia 
than any other species of excrement, and as a considerable 
part of this ammonia is in combination with muriatic, lactic, 
and phosphoric acids, it does not evaporate but remains fixed 
in the soil, and is therefore in a condition to be absorbed by 
the roots of plants, and even that portion which is evolved in 
the state of volatile carbonate, may be converted into a fixed 
salt by the use of gypsum.* ‘The Chinese, who are probably 
the best agriculturists in the world, use no other manure but 
urine, and so great is the importance that they attach to it, 
that the laws of the state forbid that any should be thrown 
away. If? says Licbig, it be admitted that the liquid and 
solid excrement of man, amount, onan average, to 14lbs. daily, 
(5-dths urine, and 1-4th solid excrement,) and that both to- 
gether contain 3 per cent of nitrogen, then in one yeur they 
will amount to 547Ibs., which contain 16-41|bs. of nitrogen ; 
a quantity sufficient to yield the nitrogen of 800lbs. of wheat, 
rye, and oats, or of 900Ibs. of barley; and this is much more 
than is necessary to add to an acre of land, in order to ob- 
tain, with the assistance of the nitrogen absorbed from the 
atmosphere, the richest possible crop every year.” 

When organic manures are stored up for use, a4 in compost 
heaps, it should be an object with the farmer, to preserve as 
much ns possible the carbonate of ammonia, which has a con- 
stant tendency to escape into the atmosphere; for he should 
consider, that with its loss he loses the material calculated to 
afford a ready supply of that clement, the production of which 
before the plough. No injurious effect will follow this process, for neutral ealts will bo 
formed in s few secouds after the acid comes into contact with the soil. ‘The solutlon 


of phosphates in murintic weld resulting from the manufucture of glue, and which tas 
hitherto besm thrown away as useless, may be advantageously applied aa wnanuro, 


* ‘During the decomposition of urine it becomes alkaline, in consequence of the 
‘ecuverdlon of the ures into carbonate of ammonia. 
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is the object of cultivation, viz —nitrogen, and retains a mass 
which can only influence the growth of plants by virtue of the 
phosphoric salts and other fixed ingredients still present im it; 
yet how little is this attended to! Nevertheless, the addition 
of small quantities of sulphuric or muriatic acid, (both shoei 
substances,) from time to time to the dung heap, would pre- 
vent any loss of ammonia by evaporation, by converting it 
into sulphate ormuriate. A writerin the English Agricultural 
Journal, recommends a method of constructing compost heaps, 
which is practically found to succeed in retaining the valnable 
portion; a substratum is made of peat §ths, and sawdust §th, 
over this is spread the dung from the cattle sheds, and the 
urine preserved for the purpose in tanks contiguous; and then 
after allowing the mixture to remain exposed for a week, 
covering it with a fresh layer nine inches or a foot thick of 
peat and sawdust, or of peat alone. Several such alternations 
of peat and manure are to be piled one above the other during 
the winter; great care being always taken that the peat should 
be as dry as possible, by exposing it previously for several 
months to the weather, By this method of construction, the 
ammonia is slowly converted into carbonate, and in that state 
detained within the pores of a spongy substance till it is spread. 
over the land. It would seem however, more effectual to neu- 
tralize the ammonia at once ly 2 mineral acid, than to walt 
for the slower action of carbonic acid, 

One of the fertilizing properties of gypsum, is undoubtedly 
connected with the power which it possesses of depriving am- 
monia of its volatility,* as it is well known that great advan- 
tage is derived from scattering it in fine powder over the leaves” 
of clover and sainfoin, and also that it is very serviceable to 

* In consequonee of the double decomposition which takes place, sulphate of tee 
‘and carbonate of ammonia giving rise, when broagbt together, to carbonate of lime sx 
sulphate of ammonia, Licbig says, that this power of kypsum to fbx ammonfa in the 
‘oil is, its only fertilixing property. Johaston, however, haw introdaed into his Agr 


cultural Chemistry, (tee page 72—3,) experiments and caloulations, which show that 
this is far frou affording » satisfactory explanation of ol) the phoenomens, 
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turnips and cabbayes, in the ashes of which it is not to be de- 
tected, But the sulphate of ammonia, to which it gives rise, 
cannot in that state be of any use to the plant, since we have 
no reason for supposing that it possesses the power of decom- 
posing that salt, and contradictory as it may appear, carbon 
ate of lime is capable of decomposing sulphate of ammonia, 
even in the cold, as is proved by holding a piece of turmeric 
or reddened litmus paper over a vessel of powdered chalk, 
moistened with a solution of sulphate of ammonia.—Daubeny. 
‘This is probably one of the ways in which ammonia is slowly 
supplied to the living plant. 

It is probably, (observes Daubeny,) in part, by setting at 
liberty the volatile alkuli imprisoned in the soil, that quick 
lime acts so beneficially in agriculture, and in particular, that 
it improves soil containing a free acid, such as peat earth, for 
independently of its use in neutralizing a substance which 
checks vegetation by its antiseptic properties; quicklime may 
also disengage a portion of ammonia combined with this acid, 
and thus afford to the plant a more abundant supply of the 
nitrogen which it requires.* 

The great yalae of ammoniacal salts in agriculture, is de- 
pendent on the nitrogen, which they furnish by their decom- 
position; the high price of these compounds, have hitherto 
been a barrier to their general use; but there is one combina- 
tion which may be obtained sufficiently cheap, and indeed, 
which for years was thrown away as useless; viz.—the am- 
moniacal liquor afforded by gas manufactures, through the 
distillation of coal. This liquor consists principally of car 
bonate of ammonia with a certain proportion of hydrosalpha- 

* ‘The action of quicklime upon the land, is one of the most important which pre- 
tents itsclf to the observation of the practical Agriculturist. Among other effects 
prodnoed by it, is that of hastening the decomposition of vegetable matter, either in 
the soil or in compost heaps ; but this effect is materially promoted by the presence 
of air and moisture. By this decomposition, exrbonte acid and other campound sub~ 


stances are produced, which the roots are capable of absorbing and converting into the 
food of plauts,—Jornsfon. 
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the very great importance which the farmer should attach to 
human excrement: independently of its being richer in most 
of those ingredients in which the fertilizing property of ma- 
nure depends, it possesses this great advantage over every 
other animal manure, viz:—its perfect freedom from weeds, 
from which it is impossible, even by along process of fer= 
mentation, (during which, be it observed, mach valuable mat- 
ter is lost,) to rid the excrement of animals; hence, the seeds 
which are always scattered in such abundance over our corn 
fields, from which, those of the Chinese, who use no manure 
but human excrement, are remarkably free. 

The offensive character of night soil will, no doubt, long 
stand in the way of its gencral usc, but Chemistry has sug- 
gested a method of getting rid of this, viz:—by neutralizing 
with a cheap mineral acid, the ammonia, which carries with it 
the offensive odour during its volatilization, and it is to be 
hoped, that prejudice will not long stand in the way of so vast 
and undeniable an improvement in our system of agriculture. 

Vinous fermentation :—preparation of Beer. In the sketch 
of the process of malting, given in a note in a preceding page,* 
it was stated that the conversion of the sugar of the malt into 
carbonic acid and alcohol, is brought about by the action of 
another principle. This is called a ferment. It is an azotized 
principle, existing in the wort, and derived from the gluten of 
the barley, and it is formed at the same time that the trans- 
formation of the sugar is effected. At the teroperature of 60° 
or a little higher, the substances held in solution by the wort, 
begin gradually to act upon and to decompose each other; the 
temperature rises, an intestine motion takes place, a scam 
collects on the surface, and carbonic acid is emitted. This 
intestine motion is called fermentation, It is well known, 
however, that the fermentation of wort docs not go on with 
sufficient rapidity without the addition of some other sub- 
stance; a quantity of yeast, (the scum or frothy matter which 
collects on the surface of beer while fermenting,) is therefore 

= Pago 470, 
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By the action of the yeast then, the clements composing 
the saccharine matter of the wort enter iuto new arrangements, 
the temperature rises, carbonic acid is disengaged, and alcohol 
is formed. The yeast soon collects on the top of the liquid; 
but the brewer occasionally mixes it again to continuc the 
fermentation, Now ns ale is intended as an article of food, it 
is not the aim of the brewer to convert the whole of the sugar 
into alcohol, the saccharine matter is only partially decompo- 
sed, and a considerable portion remains in the ale, communi- 
eating to it that glytinousness and flavour, and those agreeable 
and wholesome properties for which it Is so remarkable, and 
in the preservation of which the art of the brewer consists. 
The quantity of alcohol, sp: gr: °825, even in the strongest 
Burton ale, does not, according to the experiments of Brande, 
amount to 9 per cent.; that in London porter to not more 
than 42 per cent., while in small beer it does not amount to 
1} percent. The use of the hops is partly to communicate a 
peculiar flavour from the oil which they contain, partly to eo~ 
ver the sweetness of the saccharine matter by the bitter prin- 
ciple which they contain, and partly to counteract the tendency 
which the wort has to run into acidity. 

Now it is the gluten dissolved in the beer which creates this 
tendency to become sour; it continually acts upon the alcohol, 
which it gradually converts into acetic acid ;—but by causing 
the fermentation of the wort to proceed very slowly at low 
‘organic substance fn the alr, os a the conversion of wood into humus. ‘The evolution 
of carbonic acld during the eremacausis of organic substances rich in hyxrogen, rust, 
according to thisnoute Chemist, in a genorl way, be attributed to a transposition of 
the elements, sisnilar to that which gives rise to carbonic ncid in the processes of putre- 
faction and fermentation, No change can take place ia ang organic substance, without 
8 primary external exciting esuse ; this ix generally atmospheric oxygen, whieh excites 
‘© change in the sxbtised matters dissolved in the juicer, acting in « manner not dissisal- 
Jar to the friction or motion which etfeots the mutual decomposition of two malts, 
sing a state of reat to be converted into a stato of motioa, When this intestine motion 
fs once excited, the presence of oxygen is no longer necessary, the smallest particle of 
‘a decomponing azotized mattor heing anfficient to propagate, by a sort of contagion, 
fermentation through tho whole mines. 
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so there is no waste of sugar, which is entirely converted into 
alcohol. 

The difference between the two kinds of fermentation is 
this— 

Tu the ordinary process of brewing, there is a decomposition 
of the sugar of the malt; a portion of its oxygen combining 
with the gluten dissolved in the wort and forming insoluble 
ferment, or yeast ; there is, therefore, a waste of sugar. In 
the Bavarian process, the complete decay of the gluten is in- 
sured by the unrestrained access of air and the low tempera- 
tare, no sugar is consequently deoxidized, there is no waste, 
and the whole is converted into alcohol, 

Tu beer formed by the ordinary process, there exists in so- 
Jution a considerable quantity of gluten, which, on account of 
its strong disposition to attract oxygen and undergo decay, 
has a constant tendency to convert the alcohol into acetic acid, 
but in beer made by the Bavarian process, all the substances 
capable of attracting oxygen are removed, and there conse- 
quently cxists in it no tendency to become sour. 

There is but little alcohol formed during the spontaneous 
fermentation of infusion of malt, most of the gum and sugar 
passing into the mucous fermentation; in order, therefore, to 
observe the phenomena of alcoholic fermentation most satis- 
factorily, a quantity of clear expressed grape juice should be 
set aside in a lightly covered vessel, at a temperature between 
7 and 80°. In a few hours it will become turbid, a slight 
effervescence will be perceived, and there will be « formation 
of floceuli moving up and down in the liquid, and conveying 
the gas bubbles to the surface; this circulation ceases when 
the fermentation is over, and the flocculi collect as a preci 
tate at the bottorn of the vessel If the liquor be now tasted, 
it will be found to have lost its sweetness, and to have ac» 
quired intoxicating properties. Now whatever be the kind of 
sugar employed, it has been found that before it undergoes 
fermentation it is changed into grape sugar, which, when dried 
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teresting nature. The process is well known to consist in a 
judicions fermentation of wheaten flour, and the subsequent 
exposure of the loaves to a temperature of about 448°. When 
flour of wheat is mixed into a dough with water, and allowed 
to remain undisturbed for some time, the sugar undergoes the 
vinous fermentation, being decomposed into carbonic acid and 
alcobol, but the gluten which exists in every part of the dough 
retains the carbonic acid, in consequence of which it under- 
goes a considerable increase in bulk. ‘The fermentation gra- 
dually changes from the vinous into the acetous, and the alco- 
hol is converted into acetic and lactic acids, It is impossible 
to prevent this latter action, on account of the slowness with 
which the vinous fermentation proceeds, and consequently if 
bread were to be made from flour thus fermented, it would be 
quite sour, and totally unfit for food. In this state it is called 
deaven, and if a small quantity of it be mixed with new made 
dough, it is well known that a much more rapid fermentation 
is excited, which may be checked before any acid begins to be 
formed, and baked into bread, which is light, spongy, and 
sweet, 

In this country, the fermentation of dough is quickened by 
an admixture of yeast, and the process followed by our bakers 
is nearly as follows :— 

A certain quantity of salt is dissolved in water, the temper- 
ature of which varies according to circumstances, from 70° to 
100°; yeast is mixed with this water, and then a portion of 
flour is added, but always less than is ultimately employed in 
forming the finished dough. The mixture is covered up and 
set apart in a warm place; in about an hour fermentation 
commences, the sponge (as the imperfect dough is called) swells, 
and when the gluten is no longer able to retain the carbonic 
acid, it bursts forth, the mass sinks, and then gradually rises 
again: the baker, however, never allows this to be repeated 
more than twice, or at the most three times, or the bread 
would prove sour; at the second or third dropping of the 
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potatoe starch, In moderate quantities this Js not prejudicial 
to the bread, but it should not execed 25 per cent. Its pre- 
sence may be detected by the following process, suggested by 
M. Boland, a baker, in Paris, ‘Take about 300 grains of the 
flour, make it into a paste, and kneading it ander a small 
stream of water, separate the gluten which remains in the 
hand. The water falls on a cloth stretched on the wide end 
of m funnel corked at its narrow end. The cloth retains the 
gluten, and the water, with the starch, falls into the funnel. 
Let the starch subside from the water in the funnel, then de- 
cant off the water by a syphon. Let the starch dry: it will 
be observed to consist of two layers; the uppermost is grey, 
and consists of gluten; the undermost of starch. Detach the 
dry starch from the funnel without breaking the lump. Take 
the lowest portion; trilurute it with water in a mortar; filter, 
and add a drop of tincture of iodine. If it be potatoe starch, 
(as it will be if any be present,) the iodine strikes a fine blue. 
If no potatoe starch be present, the liquid only becomes yel- 
low or violet red, which soon disappears, By repeating this 
trial on new slices of the starch, the quantity of potatoe starch 
may be determined.* 

Putrefactive fermentation. In vegetable, as well as in ani- 
mal life, the chemical tendencies of the elements are under 
the controul of the vital principle; but when this is extinct, 
the chemical forces prevail, a series of complicated changes 
commence, Organization is destroyed, and the process is called 
putrefaction. tn animal substances, owing to the complexity 
of their composition, the decomposition is more rapid than in 
vegetables, aud the odour evolved is generally much more of- 
fensive, from the formation of ammonia and sulphuretted and 
phosphuretted hydrogen, When the substance, which is un- 
dergoing putrefaction consists of carbon, oxygen, and hydro- 
gen only, the smell which it emits is not offensive. The pre- 
sence of water and of oxygen is absolutely necessary for pu- 


© Jour, de Pharmacie, sxtiy 306. 
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possessed of intensely poisonous properties, and that the blood 
of persons who have died from its effects, is found to be quite 
disorganized’ and irritating when applied to wounds, “ Iw 
order,” says Liebig, “to attain a clear conception of the mode 
of action of these bodies, it is necessary to call to mind the 
enuse on which the phosnomena of fermentation, decay, and 
putrefaetion depend. ‘This cause may be expressed by the 
following law, long since proposed by La Place and Berthollet, 
“a molecule set in motion by any power, can impart its own mo- 
tion to another molecule, with which it may be in contact.” A 
body in the act of decomposition, added to a mixed fluid in 
which its constituents are contained, can reproduce itself in 
that fluid, exactly in the same manner as new yeast is produced 
when yeast is added to bodies containing gluten, The small 
quantity of diseased organic matter originally introduced into 
the system by absorption, acts aa a ferment, reproduces itself 
in the mass of blood, until this becomes unfitted for the per= 
formance of its functions, and the animal dies, The fatal 
effects of eating bad sausages, are ascribed by Liebig to this 
peculiar action. Several hundred cases are known, in which 
death has occurred from the use of this kind of food. In 
Wiirtemburg, the sausages are prepared from very various ma- 
terials, such as blood, liver, bacon, brains, milk, meal, and 
brend, mixed together with salt and spices; the mixture is 
put into bladders or intestines, and after being boiled, is 
smoked. When well prepared, they may be preserved for 
months, and furnish « nourishing and savoury food; but when 
the spices and salt are deficient, and particularly when they 
are smoked foo late, or not sufficiently, they undergo a pecu~ 
liar kind of putrefaction, which begins at the centre of the 
sausage. Without any appreciable escape of gas taking place, 
they become paler in colour, and more soft and greasy in those 
parts which have undergone putrefaction, and they are found 
to contain free lactic acid, or lactate of ammonia, The death 
which is occasioned by eating the sausages in this state, suc- 
Qu 
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of a seed, which enables it under favourable conditions, to de~ 
yelop and multiply itself, But our notion of life involves 
something more than mere reproduction, namely, the idea of 
anactive power, exercised by virtue of a definite form, und pro- 
daction und generation in u definite form, By Chemical 
agency, we can produce the constituents of muscular fibre, 
skin, and hair, but we can form by their means, no organized 
tissue, no organic cell. ‘The production of organs, the co- 
operation of a system of organs, and their power not only to 
produce their component parts from the food presented to 
them, but to generate themselves in their original form, and 
with all their properties, are characters belonging exclusively 
to organic life, and constitute a form of reproduction inde- 
pendent of chemical forces which are subject to it. The vitul 
principle is only known to us through the peculiar form of its 
instruments, that is, through the organs in which it resides. 
Hence, whatever kind of energy a substance may possess, if 
it is amorphous and destitute of organs from which the im- 
pulse, motion, or change proceeds, it does not live. Its ener= 
gy depends, in this case, on chemical action. Light, heat, 
electricity, and other influences may increase, diminish, or ar- 
rest this action, but they are not its efficient cause. In the 
same way, the vital principle governs the chemical powers in 
the living body. All substances used for food are chemical 
compounds, and it is only, therefore, the chemical powers by 
which their constituents are held together, that the vital prin- 
ciple has to overcome. It opposes to the continual action of 
the atmosphere, moisture, and temperature, upon the organ- 
ism, a resistance which is, in a certain degree, invincible. Tt 
is by the constant neutralization and renewal of these external 
influences that life and motion are maintained. 

‘The greatest wonder in the living orgunism is the fact, that 
an unfathomable wisdom has made the cause of a continual 
decomposition or destruction, namely, the support of the pro- 
cess of respiration, to be the means of renewing the organism 
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and of resisting all the other atmospheric influences, such as 
those of moisture and changes of temperature. 

All the supposed proofs of the vitality of contagions, are 
mercly ideas and figurative representations, fitted to render 
the phoenomena more casy of apprehension by our senses, 
without explaining them. These figurative expressions with 
which we are so willingly and easily satisfied in all sciences, 
are the foes of all inquiries into the mysteries of nature; they 
are like the fata morgana, which show us deceitful views of 
seas, fertile fields, and luscious fruits, but leave us languishing 
when we have most need of what they promise.” 
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55, 17 lines from the top, for * Iron melts,” read cust irom melts. 
48, 10 lines from the bottom, for ** reached,” rend surrounding. 
102, 6 lines from the bottom, for ‘* acitate,” read acetate. 
105, 6 lines from the bottom, for ** flints,” read flint. 
127, 13 lines from the top, for '* hydrogen,” read nitrogen. 
127, 12 lines from the bottom, for ** multiplies,” read multiples. 
129, 5 Iines from the top, for '* hydronitrous,” read Ayponitrous, 
190, 11 lines from the bottom, for ‘* oxalates,” read oxalate. 
137, 4 lines from the bottom, for “* actual,” read relative. 
143, 14 lines from the top, for “ 2 Mn O 3,” read Mn; O, 
154, 15 lines from the top, for ‘ protoxide of iron,” read black owide of 
iron. 
157, 13 lines from the top, erase comma after ‘ carbonic acid.” 
231, 8 lines from the bottom, erase ‘* and that an equivalent, or 1267 
parts of nitrate of potash.” 
235, last line, for “pulverized sal ammonia (muriate of ammonia),” read 
lime. 
247, 26 lines from the bottom, after “ red hot,” add fn a cloned vessel, 
257, Sines from the bottom, dele full stop after ‘* commerce.” 
260, 12 lines from the top, for “ amounts,” read amounting. 
420, 11 lines from the bottom, for ** 34,” read 24. 
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